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Ac   acetyl 

aq   aqueous 

Ar          aryl 

Ax   auxiliary 

Bn   benzyl 

Boc   t-butoxycarbonyl 

Bu   butyl 

Bz   benzoyl 

ca.   circa 

calcd  calculated 

Cbz   benzyloxycarbonyl 

CSA (S)-(+)-10-camphorsulfonic 

acid 

DART  direct analysis on real time 

DBU  1,8-diazabicyclo[5.4.0]undec- 

   7-ene 

DEAD  diethyl azodicarboxylate 

decomp.  decomposed, decomposition 

DIAD  diisopropyl azodicarboxylate 

DIBAL  diisobutylaluminium hydride 

DMAD  dimethyl acetylenedicarboxylate 

DMAP  4-(N,N-dimethylamino)pyridine 

DMF   N,N-dimethylformamide 

DMP  Dess-Martin Periodinane 

DMPU  N,N’-dimethylpropyleneurea 

DMSO  dimethyl sulfoxide 

dppp  1,3-bis(diphenylphosphino)- 

   propane 

dr   diastereomeric ratio 

ee   enantiomeric excess 

ent-   enantiomer- 

eq.   equivalent(s) 

ESI   electrospray ionization 

Et   ethyl 

evap.  evaporation 

HMBC  heteronuclear multiple bond 

   coherence 

HMPA  hexamethylphosphoric triamide 

HMQC  heteronuclear multiple quantum 

   correlation 

HPLC  high performance liquid 

   chromatography 

HRMS  high resolution mass spectra 

i   iso 

IR   infared 

LDA  lithium diisopropylamide 

LHMDS  lithium hexamethyldisilazide 

liq   liquid 

Ln   ligand 

m   meta 

M   molar 

mCPBA  3-chloroperoxybenzoic acid 

Me   methyl 

mp   melting point 

MS   molecular sieves 

Ms   mesyl, methanesulfonyl 

n   normal 

N   normality 

NaHMDS sodium hexamethyldisilazide 

NBS   N-bromosuccinimide 

NIS   N-iodosuccinimide 

NMP  N-methylpyrrolidone 

NMR  nuclear magnetic resonance 

nOe   nuclear Overhauser effect 

p   para 

Pd/C   palladium on carbon 



 PEG   polyethylene glycol 

PG   protective group 

Ph   phenyl 

pH   potential hydrogen 

Piv   pivaloyl 

PMP  4-methoxyphenyl 

p-Ns   4-nitrobenzenesulfonyl 

PPTS  pyridinium- 

   p-toluenesulfonate 

Pr   propyl 

psi   pounds per square inch 

Py   pyridine 

quant.  quantitative 

R   alkyl 

RCM  ring closing metathesis 

rt   room temperature 

s   secondary 

SM   starting material 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

t   tertiary 

TBAF  tetra-n-butyl ammonium fluoride 

TBAI  tetra-n-butyl ammonium iodide 

TBDPS  t-butyldiphenylsilyl 

TBS   t-butyldimethylsilyl 

temp.  temperature 

Tf   trifluoromethanesulfonyl 

TFA   trifluoroacetic acid 

THF   tetrahydrofuran 

TIPS  triisopropylsilyl 

TLC   thin layer chromatography 

TMEDA  N,N,N’,N’- 

   tetramethylethylenediamine 

TMS  trimethylsilyl 

Ts   tosyl, p-toluenesulfonyl 

wt.   weight 
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Figure 2. A variety of ergot alkaloids and their derivatives 
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Scheme 1. Biosynthetic pathways of lysergic acid and ergotamine 

N
H

CO2H
H

NH2

L-tryptophan (6)

+

OPP

DMAPP (7)

DMAT
synthase

N
H

CO2H
H

NH2

DMAT (8)

N-methyltransferase

N
H

CO2H
H

HN

MeDMAT (9)

Me
chanoclavine-1-

cyclase

N
H

HN
H
Me

OH

chanoclavine-I (10)

oxidation
isomerization

&

reductive
condensation

N
H

N
H
MeMe

agroclavine (11)

agroclavine-17-
monooxygenase

H

N
H

N
H
Me

elymoclavine (12)

H

HO
elymoclavine-17-
monooxygenase

N
H

N
H
MeHO2C

paspalic acid (13)

H

isomerization

N
H

N
H

H
HO2C Me

(+)-lysergic acid (1)

N
H

N
H

H
Me

tripeptide lactam (14)

N
H

O

H

N
O

Me

N
H

N
H

H
Me

ergotamine (2)

N
H

O

O

N
O

N

BnO

MeHO

N

O

O
Bn

lysergyl peptide
synthetases

(LPS2 and LPS1-1)

EasH1

N
H

N
H

H
Me

N
H

O

HO

N
O

Me

N

O

O
Bn

oxidized lactam (15)



 6 

1-3 5 
 

6 1 2
3 4

5 6
Figure 3  

 

 
Figure 3. Activity spectra of ergot alkaloids 

Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.; 

Academic Press: New York, 1965, Vol. 8, Chapter 21. The Ergot alkaloids, pp 774.

 



 7 

5

1 2 6
9,10 Figure 4  

 

N
R''

N
H

H
R

R'

O

1

2

10
9
8

6

 
Figure 4. Structural diversity of ergot alkaloids  

 

1
6

Figure 5 9,10

2 3

9,10 9,10-
16

LSD, 4

 
 



 8 

N
H

N
H

H
Me

(a) ergotamine (2)

N
H

O

O

N
O

N

BnO

MeHO

N
H

N
H

H
Me

(d) LSD (4)

Et2N

O

N
H

N
H

H
Me

(b) ergometrine (3)

N
H

O

OH

Me

N
H

N
H

H
Me

(c) 9,10-dihydroergotamine (16)

N
H

O

O

N
O

N

BnO

MeHO

H

 

Figure 5. Comprehensive diagrams showing quantitative differences of activity of 
various ergot alkaloids 

: Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.; 

Academic Press: New York, 1965, Vol. 8, Chapter 21. The Ergot alkaloids, pp 775.
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Figure 6. Comprehensive diagrams showing the activity of ergot substances made by 

substitutions in the indole nucleus 

: Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.; 

Academic Press: New York, 1965, Vol. 8, Chapter 21. The Ergot alkaloids, pp 777.
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Scheme 2. Synthetic approaches for the ergoline skeleton 
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1-4-1 Woodward 6 
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Scheme 3. Woodward’s synthesis 
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Scheme 4. Julia’s synthesis 
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Scheme 5. Oppolzer’s synthesis 
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Scheme 6. Ohho’s synthesis 
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Scheme 7. Fukuyama’s synthesis 
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Scheme 8. Haefliger’s synthesis 
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Scheme 9. Retrosynthetic analysis 
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Scheme 10. Attempted C-C bond formation between C3 and C4 
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Scheme 11. Introduction of the requisite side chains for constructing the D ring 
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Scheme 12. Diastereoselectivity in ergoline synthesis: A face selective epoxidation 
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Table 1. Regioselective ring opening reaction 
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Scheme 13. Construction of the D ring by RCM 
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OH 1) MsCl, TMEDA

    CH2Cl2, 0 ºC to rt
    91%

2) NaN3, DMF
    100 ºC, 72%

N3 NH2

PPh3

MeCN-H2O (9:1)
80 ºC

88%

p-NsCl, NaHCO3

CH2Cl2-H2O, rt

94%

HN
p-Ns

MeN
p-Ns

MeI, K2CO3

MeCN, 60 ºC

92%

1) HSCH2CO2H
    DBU
    MeCN, rt

2)

    K2CO3, MeCN
    60 ºC
    (60%, 2 steps)

MeO2C Br

NMe
MeO2C

108 112 109

113 114 115

76

 
 

Grubbs Hoveyda-Grubbs

Table 2

115 1.1
27

entry 1 6 115
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Table 2. Unsuccessful RCM 

NMe
MeO2C

conditions
additive (1.1 eq.)

solvent (0.01 M)

no reaction

NMe
MeO2C

entry

1

2

3

4

5

catalyst

Grubbs 2nd

Hoveyda-Grubbs 2nd

Grubbs 2nd

Grubbs 2nd

Grubbs 2nd

solvent

toluene

toluene

toluene

CH2Cl2

CH2Cl2

additive

TsOH·H2O

TsOH·H2O

AcOH

AcOH

BF3·OEt2

temp.

80 ºC

100 ºC

80 ºC

reflux

reflux115 116
 

 

 

Scheme 15 113 2-

76 TBS

118 p-Ns 119

 
 

Scheme 15. Modification of the substrate 

MeO2C Br

Cs2CO3

MeCN, 60 ºC

96%

HN
p-Ns

N
MeO2C p-Ns

1) DIBAL
    CH2Cl2
    –78 to 0 ºC

2) TBSCl
    imidazole
    DMF, rt
    66% (2 steps)

N
p-Ns

OTBS

HSCH2CO2H
DBU

MeCN, rt

67%

NH

OTBS

113 117 118 119

76

 

 

119
Table 3 entry 1 Ac

entry 2 Boc Boc

entry 3

120
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Table 3. Attempted RCM of N-acylated dienes 

NH

OTBS

1) protection

2) Hoveyda-Grubbs 2nd
    toluene (0.01 M)
    60 to 100 ºC

NP

OTBS
entry

1

2

3

P

Ac

Boc

CO2Me

result

119

removal of Boc group

120 (trace)

119 120  

 

117 JAB= 12.8 Hz

117
Figure 7

 
 

HA

N

HB

p-Ns

MeO2C

JAB= 12.8 Hz

117  

Figure 7. Conformation of 117 

 

D 122

123 Scheme 16

D  
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Scheme 16. Unsuccessful intramolecular aldol reaction 

N

121

Me

O

MeO O

N

O

122

Me

O

MeO O
O3

MeOH-CH2Cl2;

Me2S AcOH-H2O
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N

123
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O
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2-2 C  
 

Scheme 17 1

124
D 125

126
C 10

11 127

127

Scheme 17. New retrosynthetic analysis of lysergic acid 
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H
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P
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Scheme 18. Acid-promoted cyclization with the N-sulfinyl aziridine 

N
TMS

S
O t-Bu

TsOH

MeCN-H2O (7:1)
reflux

TMS NH2

+

NH2

130
(70%)

129
(21%)

OH

TMS

128
 

 

trans-N- Ferreira
29 Scheme 19 131

n- N,N,N’,N’-

trans-N- 132
 

 

Scheme 19. Diastereoselective trans-N-sulfinyl aziridines 

R2

N
S
t-Bu

O

R2
N

TMS
S

O t-Bu

132
dr > 98:2

trans/cis > 90/10
50-87% yield

R1

R1

131
R1 < R2

n-BuLi, TMEDA
–95 ºC, Et2O;

ZnBr2;
–95 ºC to rt; 131

Cl
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29 Scheme 20
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133 133a 133b
131

133a 133b t-
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trans cis
133a 134 133b

135 R2

134 trans- 132

135 R2

133a
trans- 132

 
 

Scheme 20. Diastereoselectivity in the aziridine synthesis 

·

·
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Scheme 21. Synthesis of the model compound 

Ph
CHO

PPTS
MgSO4

CH2Cl2, rt

78-83%

N
S

t-Bu

O

Ph

N
S

O

t-Bu

TMS

Ph

n-BuLi, TMEDA
–95 ºC, Et2O;

ZnBr2;
–95 °C to rt; 139

63%

Cl
TMS

O

S
H2N t-Bu

137 139

138
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trans-N- 140

Table 4 entry 1 2

141 20% entry 3

141
Boc 3 89% 142

entry 3  
 

Table 4. Investigations on C-C bond formation 

N
S

O

t-Bu

TMS
conditions

NHTMS
S

O

t-Bu

entry

1

2

3

conditions

TsOH, MeCN, reflux

CSA, MeCN, reflux

BF3·OEt2, CH2Cl2, 0 ºC to rt

yield of 141

~20% (140 remained)

~20% (140 remained)

61%

H

H

140 141

1) HCl aq, MeOH
    0 ºC to rt

2) Boc2O
    NaHCO3
    CH2Cl2-H2O, rt
    89% (3 steps
    from 140)

NHBocTMS

142
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trans-N-

D Scheme 22

142

TMS

143
144 -n-

143

TMS  
 

Scheme 22. Unexpected allene formation 
NHBocTMS

NaH, MeI

THF-DMF
0 °C to rt; H2O
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H
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Scheme 23. Unsuccessful homologation at the terminal alkyne moiety 

NHBocH
n-BuLi, THF

–78 ºC; (CH2O)n

–78 ºC to rt

·
NHBoc

147
(40%)

146
(45%)

NHBoc
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74%
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Scheme 24. Assumed reaction mechanism of the removal of TMS group 
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Scheme 25. Attempted homologation prior to the cyclization reaction 
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2-3  
 

154 3 1

Scheme 26

trans-
cis-
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Scheme 26. Toward construction of the C10-C11 bond 
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162 162 p-Ns

163 trans cis  
 

Scheme 27. Synthesis of the indole derivative 

N
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p-Ns
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1) SOCl2
    MeOH, reflux

2) Boc2O, Et3N
    CH2Cl2, rt
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MeO2C
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Scheme 28. Unsuccessful cyclization with the indole derivative 163 
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165 trans cis

Figure 8  
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Figure 8. Important points to be considered for the cyclization reaction 

 

3 sp3

trans cis

Figure 9

trans- 166 167 3

cis- 168 169 3

 
 

N

H

N
R

P
N

H

N
R

P

P P

166 167

N

H

N
P

R

N

H

N
P

R

P P
168 169  

Figure 9. Four possible candidates for the cyclization reaction 
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trans- cis- trans-
 

Scheme 29 trans- 166 167

170
133 trans-N-

171 3- 172
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Scheme 29. Synthetic plans of trans- aziridines 
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Scheme 30. Synthesis of the aldehyde 

N
H

HO2C 1) SOCl2
    MeOH
    0 ºC to rt

2) NaBH3CN
    AcOH, rt
    70% (2 steps)

N
H

MeO2C
p-NsCl

Py

CH2Cl2
0 ºC to rt

quant.

N

MeO2C
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1) DIBAL, CH2Cl2
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2) (COCl)2, DMSO
    CH2Cl2, –78 ºC;
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Scheme 31. Successful separation of two diastereomers 

N
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Table 5. Synthesis of the trans-N-sulfinyl aziridines 

N
p-Ns

N
S
t-Bu

O

H solvent, rt

see table N
p-Ns

H

N
S

t-BuO
TMS

entry

1
2
3

isomer

176

177

176

176 (less polar isomer)
177 (more polar isomer)

solvent

Et2O
Et2O

Et2O-THF

result

176 (32%), 178 (26%)
 177 (15%), 179 (9%)

complex mixture

178 (from less polar isomer 176)
179 (from more polar isomer 177)

133

•
TMSCl

ZnBr

 
 

3 trans- 178 179
Scheme 

32 176 trans- 178

0 °C 3

57% 180 177
trans- 179

181  
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Scheme 32. The result of the cyclization reaction with the trans-aziridines 

N
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Scheme 33. Synthetic plans of cis- aziridines 
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Scheme 34. Successful separation of two diastereomers 
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186
Scheme 35 186 Ts
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189 *189 syn

189

190 50 °C
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syn 192 anti 193

syn 192 anti 193
$

33 cis-
syn 192 192
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cis-
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Scheme 35. Synthesis of the cis-aziridine from the less polar isomer 

N
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OHC
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H

N
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less polar isomer

TsCl, Py
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* syn
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189 syn

Table 6 199
Table 7 syn  
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Table 6. Diastereoselective addition of the acetylide toward the aldehyde (1) 

N
Ts

OHC

NHBoc

H

N
Ts

NHBoc

HHO

OPMP

N
Ts

NHBoc

HHO

OPMP

+

189
from the less polar isomer

197
syn

198
anti

OPMP

n-BuLi, additive

THF, temp.

entry

1

2

additive

–

CeCl3

temp.

–78 to 0 °C

–78 to 0 °C

result (197+198)

35%, syn:anti= 0.83:1, 11% (189)

63%, syn:anti= 2.6:1

160

•

O

H H

Nu OH

Nu

BocN
[M]

H

R

NHBoc

RH

 
 

Table 7. Diastereoselective addition of the acetylide toward the aldehyde (2) 

N
Ts

OHC

NHBoc

H

N
Ts

NHBoc

HHO

OTBDPS

N
Ts

NHBoc

HHO

OTBDPS

+

199
from the less polar isomer

200
syn

201
anti

OTBDPS

conditions

THF, temp.

190

entry

1

2

3

conditions

n-BuLi

EtMgBr, CeCl3

n-BuLi, CeCl3

temp.

–78 to 0 °C

–78 °C to rt

–78 to 0 °C

result (200+201)

71%, syn:anti= 2.2:1

48%, syn:anti= 2.2:1, 37% (199)

44%, syn:anti= 3.9:1

•

O

H H

HO Nu

Nu

NBoc
[M]

H

R

NHBoc

HR
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3 cis- Scheme 34

187
Scheme 36  

 

Scheme 36. Synthesis of the cis-aziridine from the more polar isomer 
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N
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HN

HHO

OTBDPS
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208 209

N
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H
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anti
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Scheme 37. The result of the cyclization reaction with the cis-aziridines 
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Scheme 38. anti-Selective nucleophilic addition of the acetylide 

N
Ts

OHC

NHBoc

H

N
Ts

NHBoc

HHO

OPMP

N
Ts

NHBoc

HHO

OPMP

+

189
from the less polar isomer

197
syn

198
anti

OPMP
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Table 8. Diastereoselective reduction of the ketone by chelation control 

N
Ts

NHBoc

HO

OPMP

N
Ts

NHBoc

HHO

OPMP

conditions

entry

1

2

3

conditions

NaBH4, CeCl3, EtOH, –60 °C

DIBAL, CH2Cl2, –78 °C

L-Selectride, THF, –78 °C

syn:anti
(determined by NMR)

1:2.8

1:5.3

1:6.3

N
Ts

NHBoc

HHO

OPMP

+

197
syn

198
anti

212

N
Ts

NHBoc

HHO

OPMP

197+198
mixture

(COCl)2, DMSO
CH2Cl2, –78 °C;

i-Pr2NEt;
–78 to 0 °C

•

O

R

N

[M]
Boc

H R' R

NH
Boc

H R'

H OH

H
X

 
 

trans- Scheme 39 D-
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213 214  
 

Scheme 39. Reduction of the indole moiety 
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H
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dr= 6.8:1 anti 217 cis-
anti 193

Scheme 35  

*

213
214  

 

Scheme 40. Successful diastereoselective reduction of the ketone 
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Scheme 41. Installation of the aziridine moiety and the construction of the C ring 
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Scheme 42. Retrosynthetic analysis toward the trans-aziridine derivative 
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Scheme 43. Synthesis of the !,"-unsaturated aldehyde 
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3
231 !,"- 228 Michael

37 Table 9 entry 1
228 233

234 entry 2 entry 4
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233 entry 5 entry 6

233 234
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Table 9. Asymmetric Michael addition of nitromethane 

Br
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entry

1

2

3

4

5
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solvent

MeOH

MeCN

CH2Cl2

DMF

EtOH

i-PrOH

result (2 steps)

232 (35%), 233 (12%), 234 (11%), 228

232 (19%), 233 (46%), 228

232 (25%), 233 (27%), 228

232 (16%), 233 (32%), 228

232 (52%)

232 (44%)

Br

OH

OMe
Br

HO

% ee of 232

95

88

91

84
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90

Br
NO2

H

OH

228 232 233 234
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solvent, rt

NaBH4

THF, rt

N
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Scheme 44. Synthesis of the indoline propionic acid derivative 
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Scheme 45. Enantioselectivity of Michael addition of nitromethane 
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Scheme 46. Modified Synthetic plans of the indoline propionic acid derivative 
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Scheme 47. Synthesis of the indoline propionic acid derivative 
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Scheme 48. The precedent of the diastereoselective allylation reaction 
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Table 10. Unsuccessful introduction of a variety of acrylate derivative 
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O
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Scheme 49. Diastereoselective Evans Aldol reaction 
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Scheme 51
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Scheme 51. Synthesis of the oxazolidinone 
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Scheme 52. Undesired formation of the amide 
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Scheme 53. No coincident NMR spectrum between 271 and 276 
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Table 11. Investigations on the aldol reaction 

N
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PivCl, Et3N
0 °C;

n-BuLi, THF
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N
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O
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CH2Cl2, —78 °C;
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temp.

see table
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1

2

3
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5
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i-Pr2NEt
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i-Pr2NEt

additive

—

NMP

NMP

DMPU
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temp.

–78 to 0 °C

–78 °C to rt

–78 °C to rt

–78 °C to rt

–78 °C to rt

–78 to 0 °C

result

279 (77%, major)

278 (54%), 277 (~36%)

278 (26%), 277 (~57%)

278 (38%), 279 (19%), 277 (~39%)

278 (29%), 279 (17%), 277 (~42%)

278 (81%)

239 277 278
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Scheme 54. Installation of the aziridine moiety 
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Scheme 55. Side reaction: Partial reduction of the alkyne moiety 
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Scheme 56. Determination of the absolute stereochemistry 
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Scheme 57. Transition state of four diastereomers 
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Scheme 58. Crucial C-C bond formation 
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entry 3 R= H
302 20%

303

R= H entry 4

302 60% 303

9.0% entry 5

entry 4
 

 
Table 12. Regioselective hydrostannylation of the alkyne moiety 

N
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solvent, temp.
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OR
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1

2

3

4
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H
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Pd(PPh3)4, PhH, rt
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result

64%, 298:299= 3:1
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H H H
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304 (R= H, R'= Ph)
               desired

299 (R= PMP, R'= n-Bu)
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303 (R= H, R'= n-Bu)
305 (R= H, R'= Ph)
             undesired
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n-Bu

n-Bu

n-Bu

n-Bu
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Scheme 60. Regioselectivity of the hydrostannylation reaction 
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Scheme 61. Successful construction of the D ring 
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Scheme 62. Oxidation of the indoline to the indole 
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Scheme 63. Over-oxidation at the 2-position of the indole 
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317 Table 13
entry 1

319

",$-
entry 2 N-

320  46

entry 3

N,N- 75 °C
",$-

319  
 
Table 13. Attempted CO insertion reaction 
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H
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H
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1

2

3
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CO (400 psi), Pd(OAc)2, PPh3, Et3N, DMF-MeOH, 90 °C

320, Pd(OAc)2, dppp, Na2CO3, DMF, 80 °C; Et3N, MeOH, 70 °C

CO (1 atm), Pd(PPh3)4, Et3N, DMF-MeOH, 75 °C

result

32%, dr= 2:1
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Scheme 64. Unsuccessful introduction of the carboxylic acid equivalent 
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Scheme 65. Total synthesis of ent-lysergic acid 
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Scheme 66. Synthesis of (+)-lysergic acid 
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N
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H

HO2C
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N
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76%

334

DEAD, PPh3

PhH, 0 °C

66%

N
Ts

H

OTBDPS

N
p-Ns

336

BF3·OEt2

CH2Cl2
0 °C to rt

69% N

HN

H

Ts

H

OTBDPS
p-Ns
H

337
single isomer

C

N

N

H

Ts

H

p-NsBu3Sn
H

DEAD, PPh3

PhH, 0 °C

91%

340

N

HN

H

Ts

H

OH
p-Ns
H

TBAF

THF, rt

84%
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H
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H

MeBu3Sn
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MeBu3Sn
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H
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    90%
    (from 344) N

N

H

MeMeO2C
H
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Scheme 67. Optimization of the reaction conditions and the aziridine derivative 
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Scheme 66  
 
Scheme 68. Construction of tetracyclic skeleton of lysergic acid 
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Scheme 69. Derivatization from the common intermediate 346 
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Technical notes  
 
 Nuclear magnetic resonance (1H NMR (500, 400 MHz) and 13C NMR (125, 
100 MHz)) spectra were determined on JEOL-ECX500 and JEOL-ECS400 instrument. 
Chemical shifts for 1H NMR are reported in parts per million (ppm) downfields from 
tetramethylsilane (d), chloroform in deuteriochloroform, or methanol in methanol-d4 as 
the internal standard. Coupling constants are in hertz (Hz). The following abbreviations 
are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, m = 
multiplet, br = broad. Chemical shifts for 13C NMR were reported in ppm relative to the 
centerline of a triplet at 77.0 ppm for deuteriochloroform. Infrared spectra (IR) were 
recorded on JASCO FT/IR-4100 and FT/IR 410 Fourier Transform Infrared 
Spectrophotometer, and are reported in wavenumbers (cm–1). High resolution mass 
spectra (HRMS) were obtained on JEOL JMS-T100LC AccuTOF spectrometer and 
JEOL JMS-T100LP AccuTOF LC-plus either in positive electrospray ionization (ESI) 
method using TFA Na as the internal standard or positive direct analysis on real time 
(DART) method using PEG as the internal standard. Melting points (mp) were 
measured on a Yamato Micro Melting Point Apparatus MP-21. 
 All non-aqueous reactions were carried out under an inert atmosphere of 
argon in oven-dried glassware unless otherwise noted. Dehydrated diethyl ether, 
tetrahydrofuran, methylene chloride and toluene were obtained by passing commercially 
available pre-dried, oxygen-free formulations through activated alumina columns. 
Dehydrated N,N-dimethylformamide was purchased from Kanto Chemicals Co., Inc. 
and stored over activated MS4A. Dehydrated methanol, ethanol and acetonitrile were 
also purchased from Kanto Chemicals Co., Inc. and stored over activated MS3A. All 
other reagents were commercially available and used without further purification. 
Analytical thin layer chromatography (TLC) was performed on Merck precoated 
analytical plates, 0.25 mm thick, silica gel 60F254. Preparative flash chromatography was 
performed using Silica Gel 60 (spherical, 40-100 mm) purchased from Kanto Chemical 
Co., Inc. 
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! ,"-unsaturated aldehyde 228 

 

CHO

Br

229

1)

    THF, 0 °C

2) Ac2O, Py
    80 °C

MgCl O3
MeOH-CH2Cl2

–78 °C;

Et3N, Me2S
–78 °C to rt

89% (3 steps)

Br

CHO

228  
 

To a solution of 2-bromobenzaldehyde (229, 15.04 g, 81.28 mmol) in tetrahydrofuran 
(200 ml) was added allylmagnesium chloride (2.0 M in tetrahydrofuran, 49 mL, 98 
mmol) at 0 °C. After stirring for 15 minutes, the reaction mixture was quenched with 
saturated aqueous ammonium chloride solution and the resulting mixture was extracted 
with diethyl ether three times. The combined organic extracts were washed with 
saturated aqueous sodium chloride solution, dried over sodium sulfate and filtrated. The 
filtrate was concentrated in vacuo and the resultant residue was dissolved in acetic 
anhydride (50 mL) and pyridine (100 mL) at room temperature. The reaction mixture 
was heated at 80 °C for 1 hour and cooled to room temperature. The mixture was 
concentrated in vacuo and the resultant residue was used for the next step without 
purification. 
Ozone was bubbled into a solution of the residue in dichloromethane (200 mL) and 
methanol (40 mL) at –78 °C. After completion of the reaction, argon was bubbled into 
the reaction mixture to remove remaining ozone. Dimethyl sulfide (8.90 mL, 122 mmol) 
and triethylamine (28.0 mL, 122 mmol) was added and the reaction mixture was 
allowed to warm up to room temperature. After stirring overnight, the mixture was 
concentrated in vacuo and the resultant residue was purified with flash column 
chromatography on silica gel (5 to 10% ethyl acetate in hexane) to give the title 
compound 228 (15.19 g, 89% (3 steps)) as a off-white solid.  
 
mp: 46-48 ºC (decomp.); 
IR (film) 2808, 2735, 1682, 976 cm-1; 
1H NMR (400 MHz, CDCl3) # 9.77 (d, J= 7.3 Hz, 1H), 7.89 (d, J= 16.0 Hz, 1H), 7.65 (d, 

J= 7.8 Hz, 2H), 7.37 (dd, J= 7.8, 7.3 Hz, 1H), 7.28 (dd, J= 7.8, 7.3 Hz, 1H), 6.67 (dd, 
J= 16.0, 7.3 Hz, 1H); 
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13C NMR (100 MHz, CDCl3) ! 193.4 (CH), 150.3 (CH), 133.7 (C), 133.6 (CH), 132.0 
(CH), 130.6 (CH), 127.9 (CH), 127.9 (CH), 125.6 (C); 

HRMS (ESI) calcd for C9H7BrONa (M+Na)+: 232.9578, found 232.9588. 
 
 
alcohol 232 
 

Br

CHO

Br
NO2

H

OH

228 232

PhCO2H, MeNO2

MeOH, rt

NaBH4

THF, rt

35% (2 steps)
95% ee

231
N
H

Ph

OTMS
Ph

 
 

To a solution of ",#-unsaturated aldehyde 228 (415 mg, 1.96 mmol), 
(S)-(–)-","-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether (231, 63.8 mg, 0.196 

mmol) and benzoic acid (47.8 mg, 0.392 mmol) in methanol (4.0 mL) was added 
nitromethane (0.321 mL, 5.88 mmol) at room temperature. After stirring for 8 hours, the 
reaction mixture was quenched with saturated aqueous sodium bicarbonate solution and 
the resultant mixture was extracted with ethyl acetate three times. The combined 
organic phases were washed with saturated aqueous sodium chloride solution, dried 
over sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the 
resultant residue was used for the next step without further purification. 
To a solution of the residue in tetrahydrofuran (5.0 mL) was added sodium borohydride 
(149 mg, 3.92 mmol) at room temperature. After stirring for 30 minutes, the reaction 
mixture was quenched with 1 N hydrochloric acid solution and extracted with ethyl 
acetate three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The filtrate was concentrated in vacuo and the resultant residue was purified 
with flash column chromatography on neutral silica gel (10 to 30% ethyl acetate in 
hexane) to give the title compound 232 (187 mg, 35% (2 steps)) as a off-yellow oil. The 
enantiomeric excess of 232 was determined to be 95% ee by HPLC. 
(DAICEL-CHIRALCEL-AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 ml/min, tS = 
37.00 min, tR = 41.24 min) 
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[!]D

23.1 1.73° (c 1.18, CHCl3); 

IR (film) 2360, 2341, 1550, 1378, 1023 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.60 (d, J= 7.8 Hz, 1H), 7.32 (dd, J= 7.8, 7.3 Hz, 1H), 

7.25 (d, J= 7.8 Hz, 1H), 7.15 (dd, J= 7.8, 7.3 Hz, 1H), 4.73 (dd, J= 14.4, 7.3 Hz, 1H), 
4.69 (dd, J= 14.4, 7.3 Hz, 1H), 4.30 (tt, J= 7.3, 7.3 Hz, 1H), 3.63-3.55 (m, 2H), 
2.09-1.97 (m, 2H), 1.58 (br s, 1H); 
13C NMR (100 MHz, CDCl3) " 137.9 (C), 133.5 (CH), 129.0 (CH), 128.0 (CH), 127.8 
(CH), 124.8 (C), 78.9 (CH2), 59.6 (CH2), 39.5 (CH), 34.8 (CH2); 

HRMS (ESI) calcd for C10H12BrNNaO3 (M+Na)+: 295.9898, found 295.9896. 
 
 
sulfonamide 235 
 

Br
NO2

OH

H

Br
NHTs

OH

HZn

AcOH, 70 °C

232 235

TsCl, Et3N

CH2Cl2, rt

44% (2 steps)

 

 
To a solution of alcohol 232 (9.2 mg, 0.034 mmol) in acetic acid (0.40 mL) was added 
zinc powder (22 mg, 0.34 mmol) at room temperature. After stirring at 70 °C for 30 
minutes, the reaction mixture was filtrated and the filtrate was concentrated in vacuo 
and the resultant residue was used for the next step without further purification. 
To a solution of the residue in dichloromethane (0.40 mL) were added triethylamine 
(14.3 µL, 0.101 mmol) and p-toluenesulfonyl chloride (6.5 mg, 0.034 mmol) at room 

temperature. After stirring for 30 minutes, the reaction mixture was quenched with 
saturated aqueous ammonium chloride solution and extracted with dichloromethane 
three times. The combined organic phases were dried over sodium sulfate and filtrated. 
The filtrate was concentrated in vacuo and the resultant residue was purified with 
preparative thin layer column chromatography (45% ethyl acetate in hexane) to give the 
title compound 235 (6.2 mg, 44% (2 steps)) as a colorless oil. 
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[!]D
22.7 18.9° (c 1.07, CHCl3); 

IR (film) 2926, 2879, 1597, 1470, 1437, 1323, 1157, 1092, 1022, 754 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.67-7.65 (d, J= 8.2 Hz, 2H), 7.53 (d, J= 7.8 Hz, 1H), 

7.28-7.22 (m, 3H), 7.12-7.07 (m, 2H), 4.50 (dd, J= 6.9, 6.0 Hz, 1H), 3.60 (m, 1H), 
3.55-3.49 (m, 2H), 3.24 (ddd, J= 16.3, 6.0, 5.5 Hz, 1H), 3.18 (ddd, J= 16.3, 6.9, 5.5 Hz, 
1H), 2.42 (s, 3H), 1.98 (m, 1H), 1.81 (m, 1H), 1.44 (br s, 1H); 
13C NMR (100 MHz, CDCl3) " 143.1 (C), 140.5 (C), 136.6 (C), 132.9 (CH), 129.5 (CH), 

128.2 (CH), 127.8 (CH), 127.8 (CH), 126.8 (CH), 125.0 (C), 60.1 (CH2), 47.1 (CH2), 
40.5 (CH), 35.3 (CH2), 21.3 (CH3); 

HRMS (ESI) calcd for C17H20BrNNaO3S (M+Na)+: 420.0245, found 420.0249. 
 
 
indoline derivative 236 
 

Br
NHTs

OH

H

235

CuI, CsOAc

DMSO, rt

99% N
Ts

H

236

HO

 

 
To a solution of sulfonamide 235 (2.89 g, 7.25 mmol) in dimethyl sulfoxide (40 mL) 
were added copper iodide (1.80 g, 9.42 mmol) and cesium acetate (4.18 g, 21.7 mmol) 
and the reaction mixture was degassed with three freeze-thaw cycles. After stirring at 
room temperature for 6 hours, the mixture was quenched with saturated ammonium 
chloride solution and extracted with ethyl acetate three times. The combined organic 
phases were washed with saturated aqueous sodium chloride solution, dried over 
sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo and the 
resultant residue was purified with flash column chromatography on neutral silica gel 
(30 to 50% ethyl acetate in hexane) to give the title compound 236 (2.29 g, 99%) as a 
brown oil. 
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[!]D
22.4 –3.70° (c 1.05, CHCl3); 

IR (film) 2931, 2879, 1597, 1477, 1458, 1350, 1165, 1090, 1050 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.73 (d, J= 8.3 Hz, 2H), 7.68 (d, J= 7.4 Hz, 1H), 7.27 (d, 

J= 8.3 Hz, 2H), 7.24 (dd, J= 7.4, 7.4 Hz, 1H), 7.12 (d, J= 7.3 Hz, 1H), 7.03 (dd, J= 7.4, 
7.3 Hz, 1H), 4.07 (dd, J= 10.5, 9.2 Hz, 1H), 3.72-3.66 (m, 3H), 3.33 (dddd, J= 9.2, 5.7, 
5.0, 3.6 Hz, 1H), 2.40 (s, 3H), 1.88 (dtd, J= 13.8, 6.9, 5.0 Hz, 1H), 1.64 (br s, 1H), 1.55 
(m, 1H); 
13C NMR (100 MHz, CDCl3) " 144.0 (C), 141.5 (C), 135.1 (C), 133.7 (C), 129.6 (CH), 

128.0 (CH), 127.2 (CH), 124.4 (CH), 123.6 (CH), 114.6 (CH), 60.3 (CH2), 55.7 (CH2), 
37.2 (CH2), 36.9 (CH), 21.4 (CH3); 

HRMS (ESI) calcd for C17H19NNaO3S (M+Na)+: 340.0983, found 340.0985. 
 
 
mesylate 237 
 

N
Ts

H MsCl, Et3N

CH2Cl2, rt

96%

236

N
Ts

H

MsO

237

HO

 
 
To a solution of indoline derivative 236 (2.29 g, 7.21 mmol) in dichloromethane (40 
mL) were added triethylamine (2.21 mL, 15.9 mmol) and methanesulfonyl chloride 
(0.611 mL, 7.93 mmol) at room temperature. After stirring for 10 minutes, the reaction 
mixture was quenched with saturated aqueous ammonium chloride solution and 
extracted with dichloromethane three times. The combined organic phases were dried 
over sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the 
resultant residue was purified with flash column chromatography on neutral silica gel 
(25 to 50% ethyl acetate in hexane) to give the title compound 237 (2.73 g, 96%) as a 
yellow oil. 
 
[!]D

22.3 –5.07° (c 1.15, CHCl3); 

IR (film) 3027, 2938, 1597, 1478, 1459, 1351, 1168 cm-1; 



 96 

1H NMR (400 MHz, CDCl3) ! 7.71 (d, J= 8.3 Hz, 2H), 7.66 (d, J= 8.2 Hz, 1H), 7.24 (d, 

J= 8.3 Hz, 2H), 7.23 (dd, J= 8.2, 7.3 Hz, 1H), 7.09 (d, J= 7.3 Hz, 1H), 7.01 (dd, J= 7.3, 
7.3 Hz, 1H), 4.21 (t, J= 6.4 Hz, 2H), 3.98 (dd, J= 10.5, 8.9 Hz, 1H), 3.68 (dd, J= 10.5, 
5.0 Hz, 1H), 3.29 (dddd, J= 8.9, 5.9, 5.9, 5.0 Hz, 1H), 3.01 (s, 3H), 2.37 (s, 3H), 1.96 
(dtd, J= 14.6, 6.4, 5.9 Hz, 1H), 1.72 (dtd, J= 14.6, 6.4, 5.9 Hz, 1H); 
13C NMR (100 MHz, CDCl3) ! 144.3 (C), 141.5 (C), 133.6 (C), 133.5 (C), 129.7 (CH), 

128.4 (CH), 127.2 (CH), 124.5 (CH), 123.8 (CH), 114.8 (CH), 67.0 (CH2), 55.1 (CH2), 
37.4 (CH3), 36.4 (CH), 34.0 (CH2), 21.4 (CH3); 

HRMS (ESI) calcd for C18H21NNaO5S2 (M+Na)+: 418.0758, found 418.0757. 
 
 
nitrile 238 
 

N
Ts

H

NC

238

N
Ts

H

MsO

237

NaCN, TBAI

EtCN, reflux

96%

 
 
To a solution of mesylate 237 (2.73 g, 6.90 mmol) in propionitrile (25 mL) were added 
sodium cyanide (1.35 g, 27.6 mmol) and tetra-n-butylammonium iodide (1.27 g, 3.45 
mmol) at room temperature. After stirring at 110 °C for 2 hours, the reaction mixture 
was cooled to room temperature, quenched with saturated aqueous sodium bicarbonate 
solution and extracted with ethyl acetate three times. The combined organic phases were 
dried over sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the 
resultant residue was purified with flash column chromatography on neutral silica gel 
(20 to 40% ethyl acetate in hexane) to give the title compound 238 (2.17 g, 96%) as a 
yellow oil. 
 
["]D

22.8 10.4° (c 1.22, CHCl3); 

IR (film) 2246, 1597, 1477, 1353, 1166, 756 cm-1; 
1H NMR (400 MHz, CDCl3) ! 7.71-7.65 (m, 3H), 7.26-7.24 (m, 3H), 7.07 (m, 1H), 7.01 

(m, 1H), 3.95 (dd, J= 10.6, 8.7 Hz, 1H), 3.63 (dd, J= 10.6, 5.0 Hz, 1H), 3.26 (dddd, J= 
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8.7, 7.2, 5.0, 5.0 Hz, 1H), 2.37 (s, 3H), 2.25 (t, J= 7.7 Hz, 2H), 1.81 (dtd, J= 14.0, 7.7, 
5.0 Hz, 1H), 1.61 (dtd, J= 14.0, 7.7, 7.2 Hz, 1H); 
13C NMR (100 MHz, CDCl3) ! 144.4 (C), 141.5 (C), 133.4 (C), 132.9 (C), 129.7 (CH), 

128.7 (CH), 127.2 (CH), 124.4 (CH), 123.8 (CH), 118.7 (C), 114.4 (CH), 54.6 (CH2), 
38.6 (CH), 30.2 (CH2), 21.4 (CH3), 14.4 (CH2); 

HRMS (ESI) calcd for C18H18N2NaO2S (M+Na)+: 349.0986, found 349.0975. 
 
 
indoline-3-propionic acid 239 
 

N
Ts

H

HO2C

N
Ts

H

NC

AcCl-MeOH
50 °C

238 239

LiOH·H2O
H2O2 aq

THF-H2O, 65 °C

54% (2 steps)

 
 
To a solution of nitrile 238 (2.17 g, 6.64 mmol) in methanol (20 mL) at room 
temperature was added acetyl chloride (8.0 mL). After stirring at 50 °C for 1 hour, the 
reaction mixture was cooled to room temperature and concentrated in vacuo and the 
resultant residue was used for the next step without further purification. 
To a solution of the residue in tetrahydrofuran (12 mL) and water (4.0 mL) were added 
lithium hydroxide monohydrate (836 mg, 19.9 mmol) and aqueous hydrogen peroxide 
(30 wt. %, 1 mL) at room temperature. After stirring at 65 °C for 1.5 hours, the reaction 
mixture was cooled to 0 °C. Then, 1 N hydrochloric acid solution was added carefully 
to adjust water phases to pH=1. The mixture was extracted with dichloromethane three 
times. The combined organic phases were dried over sodium sulfate and filtrated. The 
filtrate was concentrated in vacuo and the pure title compound 239 (1.23 g, 54% (2 
steps)) was obtained as a off-white solid. 
 
mp: 115-118 ºC (decomp.); 
["]D

22.5 20.9° (c 1.10, CHCl3); 

IR (film) 3028, 2927, 1707, 1597, 1477, 1458, 1352, 1166 cm-1; 
1H NMR (400 MHz, CDCl3) ! 7.67-7.62 (m, 3H), 7.26-7.19 (m, 3H), 7.07 (d, J= 7.3 Hz, 
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1H), 6.99 (dd, J= 7.8, 7.3 Hz, 1H), 3.96 (dd, J= 10.6, 9.2 Hz, 1H), 3.58 (dd, J= 10.6, 5.5 
Hz, 1H), 3.17 (dddd, J= 9.2, 7.8, 5.5, 5.5 Hz, 1H), 2.35 (s, 3H), 2.25 (t, J= 7.8 Hz, 2H), 
1.85 (dtd, J= 13.3, 7.8, 5.5 Hz, 1H), 1.57 (dtd, J= 13.3, 7.8, 7.8 Hz, 1H); 
13C NMR (100 MHz, CDCl3) ! 178.7 (C), 144.2 (C), 141.6 (C), 134.1 (C), 133.6 (C), 

129.6 (CH), 128.3 (CH), 127.2 (CH), 124.5 (CH), 123.7 (CH), 114.8 (CH), 55.0 (CH2), 
38.9 (CH), 30.8 (CH2), 29.3 (CH2), 21.4 (CH3); 

HRMS (ESI) calcd for C18H18NO4S (M-H)+: 344.0956, found 344.0951. 
 
 
N-acyloxazolidinone 323 
 

Br

CO2H

PivCl, Et3N, 0 °C;

n-BuLi, THF
–78 °C to rt

78%245

N

OO

BnH

Br

N

O

O

O

Bn

323

257

 

 
To a solution of 2-bromophenylacetic acid (245, 25.22 g, 117.2 mmol) in 
tetrahydrofuran (250 mL) were added triethylamine (17.96 mL, 128.2 mmol) and 
pivaloyl chloride (15.84 mL, 128.9 mmol) at 0 °C. After forming white suspension, the 
reaction mixture was cooled to –78 °C. In the other reaction flask, n-butyllithium (2.66 
M in hexane, 50.7 mL, 134.8 mmol) was added to a solution of 
(R)-4-benzyl-2-oxazolidinone (257, 23.88 g, 134.8 mmol) in tetrahydrofuran (220 mL) 
at –78 °C and then the reaction mixture was allowed to warm up to 0 °C, which was 
added to the white suspended solution via cannular for 20 minutes at –78 °C. After 
stirring at room temperature for 2 hours, the reaction mixture was quenched with 
saturated aqueous ammonium chloride solution and extracted with ethyl acetate three 
times. The combined organic phases were washed with saturated aqueous sodium 
chloride solution, dried over sodium sulfate and filtrated. The resultant filtrate was 
concentrated in vacuo and the resultant residue was purified with flash column 
chromatography on silica gel (10 to 50% ethyl acetate in hexane) to give the title 
compound 323 (34.15 g, 78%) as a pale yellow oil. 
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[!]D
22.3 –45.2° (c 1.01, CHCl3); 

IR (film) 1778, 1702, 1391, 1364, 1198, 1051, 1027, 748, 702 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.61 (d, J= 8.2 Hz, 1H), 7.37-7.17 (m, 8H), 4.70 (m, 1H), 

4.49 (d, J= 18.3 Hz, 1H), 4.37 (d, J= 18.3 Hz, 1H), 4.29-4.21 (m, 2H), 3.35 (d, J= 13.6 
Hz, 1H), 2.80 (dd, J= 13.6, 10.1 Hz, 1H); 
13C NMR (100 MHz, CDCl3) " 169.9 (C), 153.5 (C), 135.1 (C), 134.0 (C), 132.7 (CH), 

131.8 (CH), 129.4 (CH), 129.0 (CH), 128.9 (CH), 127.5 (CH), 127.3 (CH), 125.3 (C), 
66.4 (CH2), 55.4 (CH), 43.1 (CH2), 37.8 (CH2); 

HRMS (ESI) calcd for C18H16BrNNaO3 (M+Na)+: 396.0211, found 396.0247. 
 
 
allylated compound 324 
 

H

Br

N

O

O

O

Bn

Br

N

O

O

O

Bn

NaHMDS

toluene-THF
–78 °C;

323 324

Br

–78 °C to rt

74%
dr= 13.6:1

 
 
To a solution of N-acyloxazolidinone 323 (12.33 g, 32.94 mmol) in toluene (75 mL) and 
tetrahydrofuran (150 mL) was added sodium hexamethyldisilazide (0.6 M in toluene, 
72.0 mL, 42.8 mmol) at –78 °C. The reaction mixture was stirred at –78 °C for 1 hour 
and then allyl bromide (13.92 mL, 164.5 mmol) was added. After stirring at ambient 
temperature for 4 hours, the reaction mixture was quenched with saturated aqueous 
ammonium chloride solution and extracted with ethyl acetate three times. The combined 
organic phases were washed with saturated aqueous sodium chloride solution, dried 
over sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo and 
the resultant residue was purified with flash column chromatography on silica gel (5 to 
35% ethyl acetate in hexane) to give the title compound 324 (10.09 g, 74%, dr= 13.6:1) 
as a pale yellow oil. 
 
[!]D

22.4 –83.8° (c 1.08, CHCl3); 

IR (film) 1781, 1697, 1385, 1208, 1051, 1023, 750, 701 cm-1; 
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major isomer 
1H NMR (500 MHz, CDCl3) ! 7.58 (d, J= 8.2 Hz, 1H), 7.37-7.22 (m, 7H), 7.12 (dd, J= 

8.2, 7.8 Hz, 1H), 5.92 (m, 1H), 5.52 (dd, J= 8.7, 6.4 Hz, 1H), 5.18 (d, J= 17.4 Hz, 1H), 
5.08 (d, J= 10.5 Hz, 1H), 4.68 (dddd, J= 10.1, 7.3, 3.7, 3.2 Hz, 1H), 4.15-4.09 (m, 2H), 
3.33 (dd, J= 13.3, 3.2 Hz, 1H), 2.84 (m, 1H), 2.77 (dd, J= 13.3, 10.1 Hz, 1H), 2.61 (m, 
1H); 
13C NMR (125 MHz, CDCl3) ! 172.7 (C), 152.6 (C), 137.7 (C), 135.2 (C), 134.9 (CH), 

133.2 (CH), 129.4 (CH), 128.9 (CH), 128.7 (CH), 128.6 (CH), 127.5 (CH), 127.3 (CH), 
125.3 (C), 117.5 (CH2), 65.9 (CH2), 55.8 (CH), 48.4 (CH), 37.9 (CH2), 36.8 (CH2); 

HRMS (ESI) calcd for C21H20BrNNaO3 (M+Na)+: 436.0524, found 436.0563. 
 
 
alcohol 325 
 

H

Br

N

O

O

O

Bn

LiAlH4

THF, 0 °C

85%

H
OH

Br

324 325  
 
To a suspension of lithium aluminum hydride (2.64 g, 69.6 mmol) in tetrahydrofuran 
(200 mL) was added a solution of allylated compound 324 (19.2 g, 46.4 mmol) in 
tetrahydrofuran (200 mL) at 0 °C using a dropping funnel. After stirring at 0 °C for 30 
minutes, the reaction mixture was diluted with tetrahydrofuran (400 mL). To the 
reaction mixture were added water (2.64 mL), 15% aqueous sodium hydroxide (2.64 
mL) and water (7.92 mL) at 0 °C successively. After stirring at room temperature for 40 
minutes, the reaction mixture was then filtered through a Celite® pad and the filter cake 
was washed with ethyl acetate. The resulting filtrate was concentrated in vacuo and the 
resultant residue was purified with flash column chromatography on silica gel (10 to 
45% ethyl acetate in hexane) to give the title compound 325 (9.49 g, 85%) as a colorless 
oil.  
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[!]D
22.6 2.15° (c 1.02, CHCl3); 

IR (film) 1470, 1437, 1051, 1023, 752 cm-1; 
1H NMR (500 MHz, CDCl3) " 7.57 (d, J= 8.0 Hz, 1H), 7.29 (dd, J= 7.5, 6.9 Hz, 1H), 

7.25 (d, J= 6.9 Hz, 1H), 7.08 (dd, J= 8.0, 7.5 Hz, 1H), 5.74 (m, 1H), 5.04 (d, J= 16.9 Hz, 
1H), 4.98 (d, J= 10.4 Hz, 1H), 3.79 (d, J= 6.3 Hz, 2H), 3.51 (dddd, J= 13.1, 6.9, 6.3, 6.3 
Hz, 1H), 2.53 (ddd, J= 14.4, 6.9, 6.3 Hz, 1H), 2.42 (ddd, J= 14.4, 13.1, 6.3 Hz, 1H); 
13C NMR (125 MHz, CDCl3) " 140.8 (C), 135.8 (CH), 133.0 (CH), 128.2 (CH), 127.9 
(CH), 127.4 (CH), 125.6 (C), 116.6 (CH2), 65.3 (CH2), 45.7 (CH), 35.7 (CH2); 

HRMS (DART) calcd for C11H14BrO (M+H)+: 241.0228, found 241.0243. 
 
 
N-Boc-p-toluenesulfonamide derivative 326 
 

H
OH

Br

H
NTsBoc

Br

TsNHBoc
DIAD, PPh3

toluene-THF, 80 °C

99%

325 326  

 
To a solution of alcohol 325 (9.49 g, 39.3 mmol), 
N-(t-butoxycarbonyl)-p-toluenesulfonamide (12.8 g, 47.1 mmol) and 
triphenylphosphine (12.4 g, 47.1 mmol) in toluene (200 mL) and tetrahydrofuran (50 
mL) was added diisopropyl azodicarboxylate (ca. 1.9 M in toluene, 25 mL, 48 mmol) at 
room temperature. After stirring at 80 °C for 2 hours, the reaction mixture was cooled to 
room temperature, quenched with saturated aqueous sodium chloride solution and 
extracted with ethyl acetate three times. The combined organic phases were dried over 
sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the resultant 
residue was purified with flash column chromatography on neutral silica gel (10 to 30% 
ethyl acetate in hexane) to give the title compound 326 (19.2 g, 99%) as a brown oil. 
 
[!]D

23.1 12.7° (c 1.05, CHCl3); 

IR (film) 1729, 1353, 1285, 1155, 1087, 674 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.54 (d, J= 8.2 Hz, 1H), 7.43 (d, J= 8.2 Hz, 2H), 7.38 (d, 
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J= 7.8 Hz, 1H), 7.33 (dd, J= 8.2, 7.8 Hz, 1H), 7.17 (d, J= 8.2 Hz, 2H), 7.10 (dd, J= 8.2, 
8.2 Hz, 1H), 5.67 (dddd, J= 17.4, 10.5, 6.9, 4.6 Hz, 1H), 4.99 (d, J= 17.4 Hz, 1H), 4.94 
(d, J= 10.5 Hz, 1H), 4.18 (dd, J= 14.6, 9.2 Hz, 1H), 4.03 (dd, J= 14.6, 6.0 Hz, 1H), 3.93 
(m, 1H), 2.54-2.39 (m, 2H), 2.38 (s, 3H), 1.31 (s, 9H); 
13C NMR (100 MHz, CDCl3) ! 159.9 (C), 150.9 (C), 143.8 (CH), 140.8 (C), 137.2 (C), 

135.2 (CH), 132.8 (CH), 128.9 (CH), 128.1 (CH), 127.7 (CH), 127.5 (CH), 127.3 (C), 
116.8 (CH2), 84.2 (C), 74.3 (CH), 50.5 (CH2), 37.6 (CH2), 27.8 (CH3), 21.5 (CH3); 

HRMS (ESI) calcd for C23H28BrNO4S (M+Na)+: 516.0820, found 516.0867. 
 
 
sulfonamide 327 
 

H
NTsBoc

Br

H
NHTs

Br

TFA

CH2Cl2, rt

326 327  

 
To a solution of N-Boc-p-toluenesulfonamide derivative 326 (19.2 g, 38.8 mmol) in 
dichloromethane (200 mL) was added trifluoroacetic acid (100 mL) at room 
temperature. After stirring for 1 hour, the reaction mixture was concentrated in vacuo. 
The excess trifluoroacetic acid was removed azeotropically with toluene, giving the title 
compound 327 (15.1 g) as a brown oil, which was used in the next reaction without 
purification. 
 
["]D

23.4 –6.07° (c 1.13, CHCl3); 

IR (film) 3273, 1683, 1437, 1327, 1159, 1088, 813, 754, 667 cm-1; 
1H NMR (400 MHz, CDCl3) ! 7.65 (d, J= 8.2 Hz, 2H), 7.49 (d, J= 8.7 Hz, 1H), 7.25 (d, 

J= 8.2 Hz, 2H), 7.21 (dd, J= 8.7, 7.8 Hz, 1H), 7.06-7.03 (m, 2H), 5.60 (dddd, J= 17.4, 
9.2, 6.8, 4.1 Hz, 1H), 4.95 (d, J= 17.4 Hz, 1H), 4.94 (d, J= 9.2 Hz, 1H), 4.63 (t, J= 5.0 
Hz, 1H), 3.41 (dddd, J= 7.3, 7.3, 6.9, 6.9 Hz, 1H), 3.21 (ddd, J= 13.3, 6.9, 6.4 Hz, 1H), 
3.15 (ddd, J= 13.3, 7.3, 6.0 Hz, 1H), 2.40-2.30 (m, 5H); 
13C NMR (100 MHz, CDCl3) ! 143.2 (C), 139.8 (C), 136.6 (C), 134.7 (CH), 133.1 (CH), 
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129.6 (CH), 128.2 (CH), 127.8 (CH), 127.7 (CH), 126.9 (CH), 125.3 (C), 117.3 (CH2), 
46.2 (CH2), 42.9 (CH), 36.7 (CH2), 21.4 (CH3); 

HRMS (ESI) calcd for C18H20BrNNaO2S (M+Na)+: 416.0295, found 416.0276. 
 
 
indoline 328 
 

N
Ts

HH
NHTs

Br

CuI, CsOAc

DMSO, rt

58% (2 steps)

327 328  

 
To a solution of sulfonamide 327 (15.1 g, < 38.8 mmol) in dimethyl sulfoxide (300 mL) 
were added copper iodide (12.0 g, 58.2 mmol) and cesium acetate (25.0 g, 116 mmol) 
and the reaction mixture was degassed with three freeze-thaw cycles. After stirring at 
room temperature overnight, the mixture was quenched with saturated ammonium 
chloride solution and extracted with ethyl acetate three times. The combined organic 
phases were washed with saturated aqueous sodium chloride solution, dried over 
sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo and the 
resultant residue was purified with flash column chromatography on neutral silica gel (5 
to 12.5% ethyl acetate in hexane) to give the title compound 328 (7.12 g, 58% (2 steps)) 
as a brown oil. 
 
[!]D

23.2 –9.78° (c 1.11, CHCl3); 

IR (film) 1597, 1477, 1459, 1354, 1167, 1090, 1048, 754, 665 cm-1; 
1H NMR (500 MHz, CDCl3) " 7.73-7.69 (m, 3H), 7.31-7.24 (m, 3H), 7.13 (d, J= 7.5 Hz, 

1H), 7.03 (dd, J= 7.5, 7.4 Hz, 1H), 5.68 (dddd, J= 17.3, 9.8, 7.5, 6.3 Hz, 1H), 5.06 (d, 
J= 9.8 Hz, 1H), 5.01 (d, J= 17.3 Hz, 1H), 4.01 (dd, J= 10.9, 6.9 Hz, 1H), 3.66 (dd, J= 
10.9, 6.3 Hz, 1H), 3.26 (dddd, J= 8.0, 6.9, 6.3, 5.1 Hz, 1H), 2.41 (s, 3H), 2.34 (m, 1H), 
2.00 (m, 1H); 
13C NMR (125 MHz, CDCl3) " 144.0 (C), 141.7 (C), 134.8 (CH), 134.7 (C), 133.9 (C), 

129.5 (CH), 128.0 (CH), 127.2 (CH), 124.4 (CH), 123.5 (CH), 117.4 (CH2), 114.8 (CH), 
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54.7 (CH2), 39.2 (CH), 39.0 (CH2), 21.5 (CH3); 

HRMS (ESI) calcd for C18H19NNaO2S (M+Na)+: 336.1034, found 336.1021. 
 
 
alcohol 342 
 

N
Ts

H

328

BH3·THF
2-methyl-2-butene

THF, 0 °C

97% N
Ts

H

342

HO

 

 
To a solution of 2-methyl-2-butene (27.54 mL, 259.2 mmol) in tetrahydrofuran (200 
mL) was added borane tetrahydrofuran complex solution (1.0 M in tetrahydrofuran, 
129.6 mL, 129.6 mmol) at 0 °C. After stirring at 0 °C for 30 minutes, a solution of 
indoline 328 (13.55 g, 43.20 mmol) in tetrahydrofuran (200 mL) was added at 0 °C 
using a dropping funnel. After stirring at 0 °C for 1 hour, 15% aqueous sodium 
hydroxide (142 ml, 518 mmol) and aqueous hydrogen peroxide (30 wt. %, 71.0 g, 518 
mmol) were added successively at 0 °C. After stirring at 0 °C for 20 minutes, saturated 
aqueous sodium thiosulfate (200 mL) was added at 0 °C and the solution was 
partitioned between ethyl acetate three times. The combined organic phases were 
washed with saturated aqueous sodium chloride solution, dried over sodium sulfate and 
filtered. The filtrate was concentrated in vacuo and the residue was purified by flash 
column chromatography on silica gel (20 to 80% ethyl acetate in hexane) to give the 
title compound 342 (13.87 g, 97%) as a colorless oil. 
 
[!]D

23.5 –13.7° (c 1.00, CHCl3); 

IR (film) 1597, 1477, 1458, 1351, 1166, 1089, 1051, 754, 665 cm-1; 
1H NMR (500 MHz, CDCl3) " 7.68 (d, J= 8.0 Hz, 2H), 7.63 (d, J= 8.0 Hz, 1H), 

7.25-7.18 (m, 3H), 7.06 (d, J= 7.4 Hz, 1H), 6.97 (dd, J= 7.4, 7.4 Hz, 1H), 3.99 (dd, J= 
10.3, 9.3 Hz, 1H), 3.59-3.55 (m, 3H), 3.12 (dddd, J= 10.3, 9.3, 8.5, 5.1 Hz, 1H), 2.36 (s, 
3H), 1.64 (m, 1H), 1.52-1.46 (m, 2H), 1.37 (m, 1H); 
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13C NMR (125 MHz, CDCl3) ! 144.0 (C), 141.6 (C), 135.2 (C), 133.8 (C), 129.6 (CH), 

128.0 (CH), 127.2 (CH), 124.3 (CH), 123.6 (CH), 114.7 (CH), 62.5 (CH2), 55.4 (CH2), 
39.7 (CH), 30.9 (CH2), 29.7 (CH2), 21.4 (CH3); 

HRMS (ESI) calcd for C18H21NNaO3S (M+Na)+: 354.1139, found 354.1135. 
 
 
indoline-3-propionic acid 329 
 

N
Ts

H

342

HO

Jones' reagent

acetone, 0 °C

77%
N
Ts

H

HO2C

329  
 
To a solution of alcohol 342 (13.87 g, 41.84 mmol) in acetone (300 mL) was added 
Jones’ reagent (2.5 M, 42 mL, 104.5 mmol) at 0 °C. After stirring at 0 °C for 1 hour, 
isopropyl alcohol (9.58 mL, 125 mmol) was added. After stirring at room temperature 
for 30 minutes, the reaction mixture was then filtered through a Celite® pad and the 
filter cake was washed with acetone. The resulting filtrate was concentrated in vacuo 
and the resultant residue was purified with flash column chromatography on silica gel 
(20 to 100% ethyl acetate in hexane) to give the title compound 329 (11.10 g, 77%) as a 
off-white solid. 
 
mp: 115-118 ºC (decomp.); 
["]D

24.1 –19.5° (c 1.01, CHCl3); 

Other spectrum data were in good accordance with indoline-3-propionic acid 239. 
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aldehyde 259 
 

OTBDPS

190

n-BuLi

THF, –78 °C;
DMF

–78 °C to rt

71%

OTBDPS

259

CHO

 

 
To a solution of 190 (422 mg, 1.43 mmol) in tetrahydrofuran (10 mL) was added 
n-butyllithium (1.58 M in hexane, 0.981 mL, 1.57 mmol) at –78 °C. After stirring 
–78 °C for 30 minutes, N,N-dimethylformamide (0.242 mL, 3.14 mmol) was added and 
then the reaction mixture was allowed to warm up to room temperature. After stirring at 
room temperature for 1 hour, the reaction mixture was quenched with 10% aqueous 
sodium dihydrogenphosphate solution and extracted with diethyl ether three times. The 
combined organic phases were dried over sodium sulfate and filtered. The filtrate was 
concentrated in vacuo with care of water bath temperature kept below 30 °C and the 
residue was purified by flash column chromatography on neutral silica gel (2.5 to 5% 
ethyl acetate in hexane) to give the title compound 259 (328 mg, 71%) as a pale yellow 
oil. 
 
IR (film) 2931, 2857, 1673, 1125, 1113, 1083 cm-1; 
1H NMR (400 MHz, CDCl3) ! 9.16 (s, 1H), 7.73-7.70 (m, 4H), 7.47-7.40 (m, 6H), 4.50 

(s, 2H), 1.09 (s, 9H); 
13C NMR (100 MHz, CDCl3) ! 176.3 (CH), 135.5 (CH), 132.2 (C), 130.0 (CH), 127.8 
(CH), 94.6 (C), 84.4 (C), 52.3 (CH2), 26.5 (CH3), 19.1 (C); 

HRMS (ESI) calcd for C21H26NaO3Si (M+MeOH+Na)+: 377.1548, found 377.1543. 
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N-acyloxazolidinone 330 

 

N
Ts

H

HO2C

329

PivCl, Et3N, 0 °C;

n-BuLi, THF
–78 °C to rt

100%

N

OO

BnH 257

N
Ts

H

O
N

O
O

Bn

330  
 

To a solution of indoline-3-propionic acid 329 (11.10 g, 32.13 mmol) in tetrahydrofuran 

(150 mL) were added triethylamine (4.92 mL, 35.3 mmol) and pivaloyl chloride (4.14 

mL, 33.7 mmol) at 0 °C. After forming white suspension, the reaction mixture was 

cooled to –78 °C. In the other reaction flask, n-butyllithium (2.66 M in hexane, 14.5 mL, 

38.5 mmol) was added to a solution of (R)-4-benzyl-2-oxazolidinone (257, 6.83 g, 38.5 

mmol) in tetrahydrofuran (150 mL) at –78 °C and then the reaction mixture was 

allowed to warm up to 0 °C, which was added to the white suspended solution via 

cannular for 20 minutes at –78 °C. After stirring at room temperature for 3 hours, the 

reaction mixture was quenched with saturated aqueous ammonium chloride solution and 

extracted with ethyl acetate three times. The combined organic phases were washed 

with saturated aqueous sodium chloride solution, dried over sodium sulfate and filtrated. 

The resultant filtrate was concentrated in vacuo and the resultant residue was purified 

with flash column chromatography on silica gel (20 to 70% ethyl acetate in hexane) to 

give the title compound 330 (16.24 g, 100%) as a pale yellow oil. 

 
[!]D

23.5 –40.8° (c 1.02, CHCl3); 

IR (film) 3027, 2923, 1779, 1698, 1477, 1388, 1352, 1166, 754 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.68 (d, J= 8.2 Hz, 2H), 7.63 (d, J= 8.2 Hz, 1H), 

7.33-7.16 (m, 8H), 7.11 (d, J= 7.3 Hz, 1H), 6.98 (dd, J= 7.3, 7.3 Hz, 1H), 4.63 (dddd, 

J= 9.6, 9.6, 9.2, 3.7 Hz, 1H), 4.18 (dd, J= 10.1, 9.6 Hz, 1H), 4.18 (dd, J= 10.1, 9.2 Hz, 

1H), 3.99 (dd, J= 10.6, 9.2 Hz, 1H), 3.60 (dd, J= 10.6, 6.0 Hz, 1H), 3.24 (dd, J= 13.8, 

3.7 Hz, 1H), 3.18 (m, 1H), 2.98-2.82 (m, 2H), 2.74 (dd, J= 13.8, 9.6 Hz, 1H), 2.34 (s, 

3H), 1.96 (m, 1H), 1.59 (m, 1H); 
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13C NMR (100 MHz, CDCl3) ! 172.1 (C), 153.3 (C), 144.1 (C), 141.6 (C), 135.0 (C), 

134.5 (C), 133.6 (C), 129.6 (CH), 129.3 (CH), 128.9 (CH), 128.2 (CH), 127.3 (CH), 
127.2 (CH), 124.5 (CH), 123.6 (CH), 114.7 (CH), 66.2 (CH2), 55.3 (CH2), 55.0 (CH), 
39.2 (CH), 37.8 (CH2), 33.0 (CH2), 29.0 (CH2), 21.4 (CH3); 

HRMS (ESI) calcd for C28H28N2NaO5S (M+Na)+: 527.1616, found 527.1613. 
 
 
aldol adduct 331 
 

N
Ts

H

O
N

O
O

Bn

330

TiCl4, i-Pr2NEt

CH2Cl2, –78 °C;

OTBDPS

CHO
259HMPA

–78 °C to rt

63%
N
Ts

H

O
N

O
O

Bn
HO

OTBDPS

331  

To a solution of N-acyloxazolidinone 330 (16.24 g, 32.13 mmol) in dichloromethane 
(150 mL) were added titanium chloride (1.0 M in dichloromethane, 35.3 mL, 35.3 
mmol) and N,N-diisopropylethylamine (13.9 mL, 80.2 mmol) at –78 °C, which formed 
dark purple solution. After stirring at –78 °C for 40 minutes, hexamethylphosphoric 
triamide (8.42 mL, 48.1 mmol) and aldehyde 259 (12.5 g, 38.5 mmol) in 
dichloromethane (100 mL) were successively added to the reaction mixture and then the 
resulting mixture was allowed to warm up to room temperature. After stirring for 1 hour, 
the reaction mixture was quenched with saturated aqueous ammonium chloride solution 
and extracted with dichloromethane three times. The combined organic phases were 
washed with saturated aqueous sodium bicarbonate solution and saturated aqueous 
sodium chloride solution successively. Then, the organic layers were dried over sodium 
sulfate and filtrated. The resultant filtrate was concentrated in vacuo and the resultant 
residue was purified with flash column chromatography on silica gel (5 to 25% ethyl 
acetate in hexane) to give the title compound 331 (16.73 g, 63%) as a brown oil. 
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[!]D
23.5 –24.5° (c 0.970, CHCl3); 

IR (film) 3497, 2930, 2857, 1779, 1696, 1598, 1478, 1389, 1352, 1167, 1109, 760 cm-1; 
major isomer 
1H NMR (500 MHz, CDCl3) " 7.70-7.64 (m, 7H), 7.40-7.33 (m, 6H), 7.29 (d, J= 7.5 Hz, 

2H), 7.22 (dd, J= 8.0, 7.5 Hz, 1H), 7.19-7.16 (m, 5H), 7.12 (d, J= 7.5 Hz, 1H), 6.99 (dd, 
J= 7.5, 7.5 Hz, 1H), 4.65 (m, 1H), 4.50 (br s, 1H), 4.37-4.30 (m, 2H), 4.20 (m, 1H), 
4.12-4.08 (m, 2H), 4.03 (dd, J= 10.9, 9.1 Hz, 1H), 3.62 (dd, J= 10.9, 6.3 Hz, 1H), 3.23 
(dd, J= 13.1, 3.5 Hz, 1H), 3.07 (m, 1H), 2.73 (dd, J= 13.1, 9.8 Hz, 1H), 2.30 (s, 3H), 
2.24 (ddd, J= 13.8, 10.3, 4.0 Hz, 1H), 2.19 (d, J= 4.5 Hz, 1H), 1.63 (ddd, J= 13.8, 6.9, 
4.0 Hz, 1H), 1.02 (s, 9H); 
13C NMR (125 MHz, CDCl3) " 172.5 (C), 153.3 (C), 143.9 (C), 141.5 (C), 135.5 (CH), 

135.4 (CH), 134.9 (C), 134.8 (C), 133.7 (C), 132.8 (C), 132.7 (C), 129.8 (CH), 129.5 
(CH), 129.2 (CH), 128.9 (CH), 128.2 (CH), 127.7 (CH), 127.7 (CH), 127.4 (CH), 127.3 
(CH), 124.5 (CH), 123.7 (CH), 114.7 (CH), 85.1 (C), 82.7 (C), 66.2 (CH2), 63.6 (CH), 
55.7 (CH2), 55.6 (CH), 52.4 (CH2), 46.7 (CH), 38.0 (CH2), 38.0 (CH), 33.5 (CH2), 26.6 
(CH3), 21.4 (CH3), 19.0 (C); 

HRMS (ESI) calcd for C48H50N2NaO7SSi (M+Na)+: 849.3005, found 849.3028. 
 
 
oxazolidinone 276 
 

N
Ts

H

NHO

O

TBDPSO

276

N
Ts

H

O
N

O
O

Bn
HO

OTBDPS

331

NH2NH2

THF, rt

t-BuONO
BF3·OEt2

CH2Cl2, 0 °C toluene, 110 °C

63% (3 steps)

 
 
To a solution of aldol adduct 331 (16.73 g, 20.22 mmol) in tetrahydrofuran (200 mL) 
was added hydrazine anhydrous (4.52 mL, 151 mmol) at room temperature. After 
stirring for 2 hours, the reaction mixture was quenched with 1 N hydrochloric acid 
solution and extracted with ethyl acetate three times. The combined organic phases were 
dried over sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo 
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and the resultant residue was used for the next step without further purification. 
To a solution of the residue in dichloromethane (200 mL) were added t-butyl nitrite 
(2.90 mL, 24.2 mmol) and boron trifluoride diethyl ether complex (3.00 mL, 24.2 
mmol) at 0 °C. After stirring at 0 °C for 30 minutes, the reaction mixture was quenched 
with saturated aqueous sodium bicarbonate solution and extracted with dichloromethane 
three times. The combined organic phases were dried over sodium sulfate and filtrated. 
The filtrate was concentrated in vacuo and the resultant residue was filtered through 
flash column chromatography on neutral silica gel (10 to 45% ethyl acetate in hexane) 
to remove (R)-4-benzyl-2-oxazolidinone. The combined organic phases were 
concentrated in vacuo and the resultant residue was used in the next reaction without 
further purification. 
The residue was dissolved with toluene (200 mL) and then the reaction mixture was 
heated at 110 °C for 50 minutes. The reaction mixture was concentrated in vacuo and 
the resultant residue was purified with flash column chromatography on silica gel (20 to 
70% ethyl acetate in hexane) to give the title compound 276 (8.50 g, 63% (3 steps)) as a 
yellow oil. 
 
[!]D

22.8 –4.43° (c 1.01, CHCl3); 

IR (film) 2930, 2857, 1757, 1476, 1355, 1167, 1110, 1090, 754 cm-1; 
major isomer 
1H NMR (400 MHz, CDCl3) " 7.71-7.61 (m, 7H), 7.40-7.30 (m, 6H), 7.22-7.18 (m, 3H), 

7.10 (br s, 1H), 6.99 (d, J= 7.3 Hz, 1H), 6.92 (dd, J= 7.8, 7.3 Hz, 1H), 5.21 (d, J= 8.2 
Hz, 1H), 4.31 (s, 2H), 4.00 (dd, J= 10.1, 9.6 Hz, 1H), 3.86 (ddd, J= 10.1, 8.2, 4.6 Hz, 
1H), 3.61 (dd, J= 10.1, 5.0 Hz, 1H), 3.24 (m, 1H), 2.32 (s, 3H), 1.91 (ddd, J= 14.2, 5.5, 
4.6 Hz, 1H), 1.58 (ddd, J= 14.2, 10.1, 3.7 Hz, 1H), 0.99 (s, 9H); 
13C NMR (100 MHz, CDCl3) " 158.6 (C), 144.3 (C), 141.3 (C), 135.4 (CH), 134.1 (C), 

133.3 (C), 132.5 (C), 129.9 (CH), 129.7 (CH), 128.3 (CH), 127.7 (CH), 127.3 (CH), 
124.4 (CH), 123.9 (CH), 114.7 (CH), 89.4 (C), 76.8 (C), 70.0 (CH), 54.8 (CH2), 52.5 
(CH), 52.3 (CH2), 36.9 (CH2), 36.4 (CH), 26.5 (CH3), 21.4 (CH3), 19.0 (C); 

HRMS (ESI) calcd for C38H40N2NaO5SSi (M+Na)+: 687.2342, found 687.2316. 
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N-p-nitrobenzenesulfonyl-oxazolidinone 334 

 

LDA

THF, –78 °C;
p-NsCl

–78 to 0 °C

81%
N
Ts

H

NHO

O

TBDPSO

276

N
Ts

H

NO

O

TBDPSO

334

p-Ns

 
 

To a solution of oxazolidinone 276 (8.50 g, 12.7 mmol) in tetrahydrofuran (100 mL) 

was added lilhium diisopropylamide (0.870 M in hexane and tetrahydrofuran, 32.2 mL, 

28.1 mmol) at –78 °C. After stirring at –78 °C for 20 minutes, 4-nitrobenzenesulfonyl 

chloride (6.23 g, 28.1 mmol) in tetrahydrofuran (30 mL) was added to the reaction 

mixture. After stirring at 0 °C for 30 minutes, the reaction mixture was quenched with 

saturated aqueous ammonium chloride solution and extracted with ethyl acetate three 

times. The combined organic phases were washed with saturated aqueous sodium 

chloride solution and dried over sodium sulfate and filtrated. The resultant filtrate was 

concentrated in vacuo and the resultant residue was purified with flash column 

chromatography on neural silica gel (5 to 50% ethyl acetate in hexane) to give the title 

compound 334 (8.83 g, 81%) as a yellow oil. 

 
[!]D

23.4 –10.1° (c 1.10, CHCl3); 

IR (film) 2931, 2857, 1787, 1534, 1349, 1169, 1107, 1090 cm-1; 

major isomer 
1H NMR (500 MHz, CDCl3) " 8.39 (d, J= 9.2 Hz, 2H), 8.22 (d, J= 9.2 Hz, 2H), 7.71 (d, 

J= 8.0 Hz, 2H), 7.66 (d, J= 8.0 Hz, 1H), 7.62-7.60 (m, 4H), 7.42-7.40 (m, 2H), 

7.36-7.32 (m, 4H), 7.27-7.22 (m, 3H), 7.05 (d, J= 7.5 Hz, 1H), 6.98 (dd, J= 7.5, 7.1 Hz, 

1H), 5.06 (d, J= 7.5 Hz, 1H), 4.51 (ddd, J= 8.6, 8.0, 7.5 Hz, 1H), 4.32 (s, 2H), 4.02 (dd, 

J= 10.9, 9.1 Hz, 1H), 3.75 (dd, J= 10.9, 5.1 Hz, 1H), 3.39 (dddd, J= 9.1, 8.6, 5.1, 4.6 Hz, 

1H), 2.34 (s, 3H), 2.21-2.08 (m, 2H), 0.98 (s, 9H); 
13C NMR (125 MHz, CDCl3) " 151.1 (C), 150.4 (C), 144.3 (C), 142.4 (C), 141.5 (C), 

135.4 (CH), 135.4 (CH), 134.4 (C), 133.3 (C), 132.3 (C), 130.0 (CH), 129.7 (CH), 



 112 

128.6 (CH), 127.8 (CH), 127.3 (CH), 124.6 (CH), 124.5 (CH), 123.9 (CH), 114.8 (CH), 
92.0 (C), 74.8 (C), 69.9 (CH), 58.3 (CH), 55.3 (CH2), 52.2 (CH2), 36.4 (CH2), 36.3 (CH), 
26.4 (CH3), 21.4 (CH3), 19.0 (C); 

HRMS (ESI) calcd for C44H43N3NaO9S2Si (M+Na)+: 872.2107, found 872.2101. 
 
 
amino alcohol 335 
 

N
Ts

H

NO

O

TBDPSO

334

p-Ns

LiOH

THF-H2O, rt

76%
N
Ts

H

HN

HO

OTBDPS

p-Ns

335  

 
To a solution of N-p-nitrobenzenesulfonyl-oxazolidinone 334 (8.83 g, 10.3 mmol) in 
tetrahydrofuran (100 mL) and water (50 mL) was added lithium hydroxide (746 mg, 
31.1 mmol) at room temperature. After stirring for 1 hour, the reaction mixture was 
quenched with saturated aqueous ammonium chloride solution and extracted with ethyl 
acetate three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was 
purified with flash column chromatography on neutral silica gel (20 to 70% ethyl 
acetate in hexane) to give the title compound 335 (6.54 g, 76%) as a bright yellow oil. 
 
[!]D

23.7 13.1° (c 1.12, CHCl3); 

IR (film) 2931, 2857, 1531, 1348, 1164, 1109, 1090, 755 cm-1; 
1H NMR (400 MHz, CDCl3) " 8.28 (d, J= 8.2 Hz, 2H), 8.01 (d, J= 8.2 Hz, 2H), 

7.68-7.59 (m, 7H), 7.42-7.31 (m, 6H), 7.23-7.18 (m, 3H), 6.99-6.95 (m, 2H), 5.01 (d, J= 
9.6 Hz, 1H), 4.30 (s, 2H), 4.07 (br s, 1H), 3.89 (dd, J= 11.0, 9.6 Hz, 1H), 3.60 (dd, J= 
11.0, 5.5 Hz, 1H), 3.46 (m, 1H), 3.27 (m, 1H), 2.35 (s, 3H), 1.75 (br s, 1H), 1.60 (ddd, 
J= 14.2, 11.4, 3.2 Hz, 1H), 1.39 (ddd, J= 14.2, 8.2, 3.2 Hz, 1H), 1.01 (s, 9H); 
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13C NMR (100 MHz, CDCl3) ! 149.9 (C), 146.4 (C), 144.3 (C), 141.5 (C), 135.5 (CH), 

135.4 (CH), 134.6 (C), 133.5 (C), 132.8 (C), 132.7 (C), 130.0 (CH), 130.0 (CH), 129.7 
(CH), 128.3 (CH), 128.2 (CH), 127.7 (CH), 127.7 (CH), 127.3 (CH), 124.2 (CH), 124.1 
(CH), 123.8 (CH), 115.0 (CH), 86.9 (C), 81.0 (C), 64.5 (CH), 56.3 (CH), 55.0 (CH2), 
52.3 (CH2), 36.3 (CH2), 36.2 (CH), 26.5 (CH3), 21.5 (CH3), 19.0 (C); 

HRMS (ESI) calcd for C43H45N3NaO8S2Si (M+Na)+: 846.2315, found 846.2345. 
 
 
aziridine 336 
 

DEAD, PPh3

PhH, 0 °C

66%
N
Ts

H

OTBDPS

N
p-Ns

N
Ts

H

HN

HO

OTBDPS

p-Ns

335 336  
 
To a solution of amino alcohol 335 (6.52 g, 7.91 mmol) and triphenylphosphine (2.49 g, 
9.49 mmol) in benzene (50 mL) was added diethyl azodicarboxylate (2.2 M in toluene, 
4.3 mL, 9.5 mmol) at 0 °C. After stirring at 0 °C for 20 minutes, the reaction mixture 
was quenched with saturated aqueous sodium chloride solution and extracted with ethyl 
acetate three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was 
purified with flash column chromatography on neutral silica gel (5 to 20% ethyl acetate 
in hexane) to give the title compound 336 (4.22 g, 66%) as a yellow oil. 
 
["]D

23.9 –31.2° (c 1.14, CHCl3); 

IR (film) 2931, 2857, 1599, 1533, 1476, 1349, 1309, 1167, 1109, 1089 cm-1; 
1H NMR (500 MHz, CDCl3) ! 8.32 (d, J= 9.1 Hz, 2H), 8.14 (d, J= 8.7 Hz, 2H), 

7.70-7.69 (m, 6H), 7.65 (d, J= 8.0 Hz, 1H), 7.45-7.38 (m, 6H), 7.26-7.20 (m, 3H), 7.02 
(d, J= 7.5 Hz, 1H), 6.98 (dd, J= 7.5, 7.5 Hz, 1H), 4.35 (s, 2H), 3.95 (dd, J= 10.9, 9.1 Hz, 
1H), 3.67 (dd, J= 10.9, 5.1 Hz, 1H), 3.22 (dddd, J= 10.9, 10.3, 5.1, 4.0 Hz, 1H), 
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3.05-3.00 (m, 2H), 2.37 (s, 3H), 1.83 (ddd, J= 14.3, 7.1, 4.0 Hz, 1H), 1.66 (ddd, J= 14.2, 
10.3, 5.8 Hz, 1H), 1.02 (s, 9H); 
13C NMR (125 MHz, CDCl3) ! 150.5 (C), 144.3 (C), 144.3 (C), 141.4 (C), 135.5 (CH), 

135.5 (CH), 133.6 (C), 133.4 (C), 132.6 (C), 129.9 (CH), 129.7 (CH), 129.2 (CH), 
128.6 (CH), 127.8 (CH), 127.8 (CH), 127.3 (CH), 124.2 (CH), 124.2 (CH), 123.8 (CH), 
114.9 (CH), 85.4 (C), 76.7 (C), 54.5 (CH2), 52.6 (CH2), 46.3 (CH), 38.0 (CH), 36.4 
(CH), 35.3 (CH2), 26.6 (CH3), 21.5 (CH3), 19.1 (C); 

HRMS (ESI) calcd for C43H43N3NaO7S2Si (M+Na)+: 828.2209, found 828.2201. 
 
 
tricyclic compound 337 
 

N
Ts

H

OTBDPS

N
p-Ns

BF3·OEt2

CH2Cl2
0 °C to rt

69% N

HN

H

Ts

H

OTBDPS
p-Ns
H

337336  
 
To a solution of aziridine 336 (4.22 g, 5.23 mmol) in dichloromethane (40 mL) was 
added boron trifluoride diethyl ether complex (1.42 mL, 11.5 mmol) at 0 °C. After 
stirring at room temperature for 30 minutes, the reaction mixture was quenched with 
saturated aqueous sodium bicarbonate solution and extracted with dichloromethane 
three times. The combined organic phases were dried over sodium sulfate and filtrated. 
The filtrate was concentrated in vacuo and the resultant residue was purified with flash 
column chromatography on neutral silica gel (10% to 50% ethyl acetate in hexane) to 
give the title compound 337 (2.93 g, 69%) as a yellow oil. 
 
["]D

23.6 –79.7° (c 1.00, CHCl3); 

IR (film) 3273, 2930, 2857, 1595, 1531, 1449, 1349, 1165, 1088, 739, 703 cm-1; 
1H NMR (500 MHz, CDCl3) ! 8.28 (d, J= 8.5 Hz, 2H), 8.01 (d, J= 8.5 Hz, 2H), 7.70 (d, 

J= 8.0 Hz, 2H), 7.58 (d, J= 7.5 Hz, 4H), 7.39-7.24 (m, 9H), 7.08 (dd, J= 8.0, 8.0 Hz, 
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1H), 6.77 (d, J= 8.0 Hz, 1H), 5.35 (m, 1H), 4.23 (dd, J=11.5, 11.5 Hz, 1H), 4.17 (s, 2H), 
3.75 (m, 1H), 3.54 (m, 1H), 3.21 (m, 1H), 3.14 (dd, J= 11.5, 9.1 Hz, 1H), 2.34 (s, 3H), 
2.04 (m, 1H), 1.60 (m, 1H), 1.01 (s, 9H); 
13C NMR (125 MHz, CDCl3) ! 150.0 (C), 146.0 (C), 144.5 (C), 140.4 (C), 135.4 (CH), 

133.4 (C), 132.9 (C), 132.8 (C), 130.7 (C), 129.9 (CH), 129.8 (CH), 129.8 (CH), 129.5 
(C), 129.0 (CH), 128.3 (CH), 127.6 (CH), 127.6 (CH), 127.3 (CH), 124.4 (CH), 122.9 
(CH), 112.4 (CH), 83.6 (C), 82.6 (C), 57.9 (CH2), 54.4 (CH), 52.6 (CH2), 35.2 (CH), 
31.4 (CH), 29.3 (CH2), 26.5 (CH3), 21.5 (CH3), 19.0 (C); 

HRMS (ESI) calcd for C43H43N3NaO7S2Si (M+Na)+: 828.2209, found 828.2202. 
 
 
propargyl alcohol 338 
 

N

HN

H

Ts

H

OTBDPS
p-Ns
H

N

HN

H
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H

OH
p-Ns
H

TBAF

THF, rt

84%

337 338  
 
To a solution of tricyclic compound 337 (2.93 g, 3.63 mmol) in tetrahydrofuran (20 mL) 
was added tetra-n-butylammonium fluoride (1.0 M in tetrahydrofuran, 18.1 mL, 18.1 
mmol) at room temperature. After stirring for 1 hour, the reaction mixture was 
quenched with saturated aqueous ammonium chloride solution and extracted with ethyl 
acetate three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was 
purified with flash column chromatography on neutral silica gel (10 to 70% ethyl 
acetate in hexane) to give the title compound 338 (1.73 g, 84%) as a yellow oil. 
 
["]D

24.2 –74.2° (c 1.17, CHCl3); 

IR (film) 2920, 1599, 1530, 1450, 1349, 1309, 1163, 1092 cm-1; 
1H NMR (500 MHz, CD3OD) ! 8.33 (d, J= 8.6 Hz, 2H), 8.05 (d, J= 8.6 Hz, 2H), 7.65 (d, 

J= 8.6 Hz, 2H), 7.28 (d, J= 8.0 Hz, 1H), 7.23 (d, J= 8.6 Hz, 2H), 7.10 (dd, J= 8.0, 7.5 
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Hz, 1H), 6.87 (d, J= 7.5 Hz, 1H), 4.20 (dd, J= 6.9, 6.9 Hz, 1H), 3.91 (s, 2H), 3.75 (dd, 
J= 4.6, 3.5 Hz, 1H), 3.57 (s, 1H), 3.20-3.14 (m, 2H), 2.28 (s, 3H), 2.02 (ddd, J= 13.0, 
4.6, 4.6 Hz, 1H), 1.57 (ddd, J= 13.0, 11.5, 3.5 Hz, 1H); 
13C NMR (125 MHz, CD3OD) ! 151.3 (C), 148.0 (C), 145.9 (C), 141.8 (C), 134.7 (C), 

133.0 (C), 132.0 (C), 130.9 (CH), 129.7 (CH), 129.3 (CH), 128.5 (CH), 125.4 (CH), 
124.2 (CH), 113.8 (CH), 84.9 (C), 83.4 (C), 59.2 (CH2), 55.8 (CH), 50.6 (CH2), 36.0 
(CH), 32.7 (CH), 30.8 (CH2), 21.5 (CH3); 

HRMS (ESI) calcd for C27H25N3NaO7S2 (M+Na)+: 590.1031, found 590.1044. 
 
 
allyl alcohol 339 
 

N

HN

H
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H

OH
p-Ns
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n-Bu3SnH

THF, rt

62%
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H

338 339  

 
To a solution of propargyl alcohol 338 (1.73 g, 3.04 mmol) and 
bis(triphenylphosphine)palladium(II) dichloride (428 mg, 0.608 mmol) in 
tetrahydrofuran (25 mL) was added tri-n-butyltin hydride (0.965 mL, 3.64 mmol) at 
room temperature. After stirring for 1 hour, the reaction mixture was quenched with 
saturated aqueous sodium chloride solution and extracted with ethyl acetate three times. 
The combined organic phases were dried over sodium sulfate and filtrated. The resultant 
filtrate was concentrated in vacuo and the resultant residue was purified with flash 
column chromatography on silica gel (0 to 30% ethyl acetate in hexane) to give the title 
compound 339 (1.62 g, 62%) as a yellow oil. 
 
["]D

21.8 –74.6° (c 0.982, CHCl3); 

IR (film) 2954, 2923, 2869, 1598, 1531, 1449, 1348, 1307, 1163, 1092 cm-1; 
1H NMR (500 MHz, CDCl3) ! 8.31 (d, J= 8.6 Hz, 2H), 8.01 (d, J= 8.6 Hz, 2H), 7.69 (d, 
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J= 8.6 Hz, 2H), 7.30 (d, J= 8.0 Hz, 1H), 7.26 (d, J= 8.6 Hz, 2H), 7.06 (dd, J= 8.0, 8.0 
Hz, 1H), 6.56 (d, J= 8.0 Hz, 1H), 5.70 (d, J= 6.3 Hz, 1H), 5.12 (d, J= 9.2 Hz, 1H), 
4.29-4.21 (m, 3H), 3.61 (dd, J= 9.2, 4.1 Hz, 1H), 3.44 (dddd, J= 6.3, 4.9, 4.3, 4.1 Hz, 
1H), 3.25-3.13 (m, 2H), 2.39 (s, 3H), 2.08 (ddd, J= 12.6, 4.9, 4.6 Hz, 1H), 1.84 (s, 1H), 
1.63 (m, 1H), 1.49-1.34 (m, 6H), 1.27-1.19 (m, 6H), 0.88-0.75 (m, 15H); 
13C NMR (125 MHz, CDCl3) ! 149.9 (C), 148.3 (C), 146.4 (C), 144.3 (C), 140.4 (C), 

138.7 (CH), 134.2 (C), 133.6 (C), 130.3 (C), 129.8 (CH), 128.8 (CH), 128.2 (CH), 
127.3 (CH), 124.3 (CH), 122.4 (CH), 112.1 (CH), 63.0 (CH2), 57.9 (CH2), 54.4 (CH), 
43.1 (CH), 31.6 (CH2), 30.6 (CH), 29.0 (CH2), 27.2 (CH2), 21.5 (CH3), 13.6 (CH3), 10.0 
(CH2); 

HRMS (ESI) calcd for C39H53N3NaO7S2Sn (M+Na)+: 882.2244, found 882.2225. 
 
 
tetracyclic compound 340 
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H
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H

DEAD, PPh3

PhH, 0 °C

91%
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H

339  

 
To a solution of allyl alcohol 339 (1.62 g, 1.88 mmol) and triphenylphosphine (594 mg, 
2.26 mmol) in benzene (20 mL) was added diethyl azodicarboxylate (2.2 M in toluene, 
1.0 mL, 2.2 mmol) at 0 °C. After stirring at 0 °C for 30 minutes, the reaction mixture 
was quenched with saturated aqueous sodium chloride solution and extracted with ethyl 
acetate three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was 
purified with flash column chromatography on neutral silica gel (5 to 15% ethyl acetate 
in hexane) to give the title compound 340 (1.45 g, 91%) as a yellow oil. 
 
 



 118 

[!]D
21.4 –79.4° (c 1.28, CHCl3); 

IR (film) 2954, 2924, 2851, 1597, 1530, 1453, 1349, 1162, 1094 cm-1; 
1H NMR (400 MHz, CDCl3) " 8.30 (d, J= 8.7 Hz, 2H), 7.95 (d, J= 8.7 Hz, 2H), 7.68 (d, 

J= 8.3 Hz, 2H), 7.44 (d, J= 8.2 Hz, 1H), 7.24 (d, J= 8.3 Hz, 2H), 7.21 (dd, J= 8.2, 7.8 
Hz, 1H), 6.91 (d, J= 7.8 Hz, 1H), 6.42 (s, 1H), 4.38-4.31 (m, 2H), 3.91 (d, J= 17.9 Hz, 
1H), 3.39 (d, J= 10.5 Hz, 1H), 3.34-3.24 (m, 2H), 3.15 (ddd, J= 10.5, 10.1, 9.2 Hz, 1H), 
2.61 (ddd, J= 13.9, 10.1, 7.1 Hz, 1H), 2.38 (s, 3H), 1.78 (ddd, J= 13.9, 9.2, 5.5 Hz, 1H), 
1.52-1.44 (m, 6H), 1.36-1.27 (m, 6H), 0.96-0.80 (m, 15H); 
13C NMR (100 MHz, CDCl3) " 149.7 (C), 147.6 (C), 144.2 (C), 141.3 (C), 140.4 (C), 

136.0 (C), 135.0 (CH), 133.8 (C), 131.2 (C), 129.7 (CH), 128.3 (CH), 128.1 (CH), 
127.2 (CH), 124.2 (CH), 117.9 (CH), 112.8 (CH), 59.4 (CH), 58.7 (CH2), 52.6 (CH2), 
40.0 (CH), 32.7 (CH), 30.4 (CH2), 29.0 (CH2), 27.3 (CH2), 21.5 (CH3), 13.6 (CH3), 9.42 
(CH2); 

HRMS (ESI) calcd for C39H51N3NaO6S2Sn (M+Na)+: 864.2138, found 882.2141. 
 
 
tertiary amine 341 
 

N

N

H
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H

p-NsBu3Sn
H
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HSCH2CO2H
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MeCN, rt

formalin, AcOH
NaBH3CN

MeOH, rt

quant. (2 steps) N

N
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H

MeBu3Sn
H

341  
 
To a solution of tetracyclic compound 340 (1.45 g, 1.72 mmol) and 
1,8-diazabicyclo[5.4.0]undec-7-ene (2.56 mL, 17.2 mmol) in acetonitrile (25 mL) was 
added thioglycolic acid (794 mg, 8.62 mmol) at room temperature. After stirring at 
room temperature for 45 minutes, the reaction mixture was quenched with saturated 
aqueous sodium bicarbonate solution and extracted with ethyl acetate three times. The 
combined organic phases were dried over sodium sulfate and filtrated. The filtrate was 
concentrated in vacuo and the resultant residue was used in the next reaction without 
further purification. 
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To a solution of the residue, formalin (2.0 mL) and acetic acid (2.0 mL) in methanol 
(17.5 mL) was added sodium cyanoborohydride (1.08 g, 17.2 mmol) at room 
temperature. After stirring at room temperature for 1 hour, the reaction mixture was 
quenched with saturated aqueous sodium bicarbonate solution and extracted with ethyl 
acetate three times. The combined organic phases were washed with saturated aqueous 
sodium chloride solution, dried over sodium sulfate and filtrated. The filtrate was 
concentrated in vacuo and the resultant residue was purified with flash column 
chromatography on silica gel (1 to 3% methanol in chloroform) to give the title 
compound 341 (1.35 g, 114% (2 steps, including thioglycolic acid)) as a yellow oil. 
 
[!]D

22.8 –122.1° (c 1.11, CHCl3); 

IR (film) 2954, 2924, 2868, 2850, 1595, 1453, 1356, 1166, 1094 cm-1; 
1H NMR (500 MHz, CDCl3) " 7.69 (d, J= 7.5 Hz, 2H), 7.40 (d, J= 8.0 Hz, 1H), 7.23 (d, 

J= 7.5 Hz, 2H), 7.17 (dd, J= 8.0, 7.5 Hz, 1H), 6.87 (d, J= 7.5 Hz, 1H), 6.32 (s, 1H), 4.38 
(m, 1H), 3.40 (d, J= 16.6 Hz, 1H), 3.31-3.22 (m, 2H), 3.18 (m, 1H), 2.91 (m, 1H), 2.36 
(s, 3H), 2.28 (s, 3H), 2.03-1.96 (m, 2H), 1.69 (m, 1H), 1.52-1.46 (m, 6H), 1.34-1.27 (m, 
6H), 0.93-0.83 (m, 15H); 
13C NMR (125 MHz, CDCl3) " 143.8 (C), 139.9 (C), 139.5 (C), 137.6 (C), 133.6 (C), 

132.3 (CH), 131.2 (C), 129.5 (CH), 127.8 (CH), 127.0 (CH), 118.7 (C, thioglycolic 
acid), 117.7 (CH), 112.2 (CH), 62.5 (CH), 61.2 (CH2), 59.4 (CH2), 47.9 (CH2, 
thioglycolic acid), 40.4 (CH), 40.4 (CH3), 31.9 (CH), 29.8 (CH2), 28.8 (CH2), 27.1 
(CH2), 21.2 (CH3), 13.3 (CH3), 8.91 (CH2); 

HRMS (ESI) calcd for C34H51N2O2SSn (M+H)+: 671.2693, found 671.2682. 
 
 
indole 342 
 

Na/naphthalene

THF
–78 to 0 °C

(PhSeO)2O, Indole

THF, 45 °C

59% (2 steps)N

N

H

Ts

H

MeBu3Sn
H

341

N

N

H

H

MeBu3Sn
H

342  
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To a solution of tertiary amine 341 (1.35 g, <1.72 mmol) in tetrahydrofuran (14 mL) 

was added lithium naphthalenide* (1.00 M in tetrahydrofuran, 8.60 mL, 8.60 mmol) at 

–78 °C and then the reaction mixture was allowed to warm up to 0 °C. After stirring at 

0 °C for 1 hour, the reaction mixture was quenched with saturated aqueous sodium 

bicarbonate solution and extracted with ethyl acetate three times. The combined organic 

phases were washed with saturated aqueous sodium chloride solution, dried over 

sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the resultant 

residue was used in the next reaction without further purification. 

To a solution of the residue and indole (665 mg, 5.67 mmol) in tetrahydrofuran (17 mL) 

was added benzeneseleninic acid anhydride (681 mg, 1.89 mmol) at room temperature. 

After stirring at 45 °C for 1 hour, the reaction mixture was quenched with saturated 

aqueous sodium bicarbonate solution and extracted with ethyl acetate three times. The 

combined organic phases were dried over sodium sulfate and filtrated. The filtrate was 

concentrated in vacuo and the resultant residue was purified with flash column 

chromatography on neutral silica gel (10 to 100% ethyl acetate in hexane and then 10% 

methanol in ethyl acetate) to give the title compound 342 (521 mg, 59% (2 steps)) as a 

brown oil, which was contaminated with impurities. 

 
* 1.0 M solution of sodium naphthalenide in tetrahydrofuran was prepared as follows: To a solution of 

naphthalene (1.10 g, 8.60 mmol) in tetrahydrofuran (8.6 mL) was added sodium cube (198 mg, 8.60 

mmol) at room temperature. The solution was sonicated for 45 min at room temperature. The deep green 

solution was used in this reaction. 

 
[!]D

23.6 –117.8° (c 0.985, CHCl3); 

IR (film) 2954, 2924, 2869, 2848, 2360, 2339, 1597, 1454, 1375, 1349 cm-1; 
1H NMR (400 MHz, CDCl3) " 8.74 (br s, 1H), 7.73 (d, 0.25H, impurity), 7.19-7.18 (m, 

2H), 7.04 (d, J= 4.5 Hz, 1H), 6.86 (s, 1H), 6.61 (s, 1H), 3.91 (d, J= 9.1 Hz, 1H), 3.61 (d, 

J= 17.4 Hz, 1H), 3.36 (dd, J= 14.2, 2.8 Hz, 1H), 3.23 (d, J= 17.4 Hz, 1H), 2.86 (dd, J= 

14.2, 12.4 Hz, 1H), 2.73 (m, 1H), 2.56 (s, 3H), 2.36 (m, 0.84H, impurity), 1.65-1.53 (m, 

6H), 1.42-1.30 (m, 6H), 1.09-0.92 (m, 15H); 
13C NMR (100 MHz, CDCl3) " 138.0 (C), 133.9 (CH), 133.5 (C), 131.9 (C), 129.6 (C, 

impurity), 126.2 (C), 122.6 (CH), 118.0 (CH), 112.4 (CH), 111.5 (C), 108.6 (CH), 63.5 

(CH), 62.1 (CH2), 41.9 (CH), 40.2 (CH3), 29.0 (CH2), 27.3 (CH2), 26.4 (CH2), 13.6 
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(CH3), 9.00 (CH2); 

HRMS (ESI) calcd for C27H43N2Sn (M+H)+: 515.2448, found 515.2444. 
 
 
indole derivative 343 
 

Boc2O, DMAP

MeCN, rt

67%N

N

H

H

MeBu3Sn
H

342

N

N

Boc

H

MeBu3Sn
H

343  
 
To a solution of indole 342 (521 mg, 1.01 mmol) and N,N-dimethyl-4-aminopyridine 
(12.4 mg, 0.101 mmol) in acetonitrile (10 mL) was added di-t-butyl dicarbonate (288 
mg, 1.31 mmol) at room temperature. After stirring for 1 hour, the solvent was removed 
under reduced pressure. The resultant residue was purified with flash column 
chromatography on neutral silica gel (5 to 15% ethyl acetate in hexane) to give the title 
compound 343 (414 mg, 67%) as a brown oil. 
 
[!]D

22.0 –75.8° (c 0.981, CHCl3); 

IR (film) 2954, 2924, 2851, 2765, 1730, 1438, 1391, 1359, 1298, 1283, 1155 cm-1; 
1H NMR (500 MHz, CDCl3) " 7.79 (br s, 1H), 7.31-7.28 (m, 2H), 7.17 (d, J= 7.5 Hz, 

1H), 6.52 (br s, 1H), 3.75 (m, 1H), 3.54 (d, J= 16.6 Hz, 1H), 3.27 (dd, J= 14.4, 3.5 Hz, 
1H), 3.12 (d, J= 16.6 Hz, 1H), 2.69 (dd, J= 14.4, 9.5 Hz, 1H), 2.54 (ddd, J= 9.5, 6.3, 3.5 
Hz, 1H), 2.47 (s, 3H), 1.66 (s, 9H), 1.55-1.47 (m, 6H), 1.39-1.26 (m, 6H), 1.04-0.86 (m, 
15H); 
13C NMR (125 MHz, CDCl3) " 150.0 (C), 139.0 (C), 133.2 (CH), 132.6 (C), 128.6 (2C, 

overlapped), 124.9 (CH), 119.2 (CH), 116.8 (C), 116.3 (CH), 112.7 (CH), 83.0 (C), 63.2 
(CH), 62.3 (CH2), 42.0 (CH), 40.6 (CH3), 29.0 (CH2), 28.0 (CH3), 27.3 (CH2), 26.4 
(CH2), 13.7 (CH3), 8.99 (CH2); 

HRMS (ESI) calcd for C32H51N2O2Sn (M+H)+: 615.2972, found 615.2990. 
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alkenyl iodide 344 
 

NIS, TFA

THF, –10 °C

90%N

N

Boc

H

MeBu3Sn
H

343

N

N

Boc

H

MeI
H

344  
 
To a solution of indole derivative 343 (408 mg, 0.665 mmol) in tetrahydrofuran (6.5 
mL) was added trifluoroacetic acid (61.5 µL, 0.798 mmol) and N-iodosuccinimide (180 

mg, 0.798 mmol) at –10 °C. After stirring for 20 minutes, the reaction mixture was 
quenched with saturated aqueous sodium bicarbonate solution and extracted with ethyl 
acetate three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The filtrate was concentrated in vacuo and the resultant residue was purified 
with flash column chromatography on neutral silica gel (10 to 20% ethyl acetate in 
hexane) to give the title compound 344 (271 mg, 90%) as a brown oil. 
 
[!]D

21.6 –151.7° (c 0.81, CHCl3); 

IR (film) 2975, 2926, 2849, 1729, 1437, 1391, 1354, 1297, 1283, 1257, 1156 cm-1; 
1H NMR (400 MHz, CDCl3) " 7.80 (br s, 1H), 7.30-7.26 (m, 2H), 7.09 (d, J= 7.8 Hz, 

1H), 7.02 (s, 1H), 3.79 (m, 1H), 3.56 (d, J= 16.7 Hz, 1H), 3.40 (d, J= 16.7 Hz, 1H), 3.12 
(d, J= 11.9 Hz, 1H), 2.77 (dd, J= 12.8, 11.9 Hz, 1H), 2.72 (dd, J= 13.7, 12.8 Hz, 1H), 
2.49 (s, 3H), 1.68 (s, 9H); 
13C NMR (100 MHz, CDCl3) " 149.8 (C), 134.5 (CH), 133.2 (C), 130.7 (C), 128.2 (C), 

125.0 (CH), 119.4 (CH), 116.5 (CH), 116.2 (C), 113.2 (CH), 94.8 (C), 83.3 (C), 66.1 
(CH2), 61.2 (CH), 42.3 (CH), 38.5 (CH3), 28.1 (CH3), 27.8 (CH2, Bu3SnX), 26.7 (CH2, 
Bu3SnX), 26.2 (CH2), 17.4 (CH2, Bu3SnX), 13.5 (CH3, Bu3SnX); 

HRMS (ESI) calcd for C20H24IN2O2 (M+H)+: 451.0882, found 451.0889. 
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! ,"#unsaturated ester 345 

 

N

N

Boc

H

MeI
H

344

CO (1 atm)
Pd(PPh3)4, Et3N

DMF-MeOH, 75 °C

dr= 1.8:1 N

N

Boc

MeMeO2C
H

345

H

 
 
To a solution of alkenyl iodide 344 (270 mg, 0.601 mmol) and triethylamine (0.251 mL, 
1.80 mmol) in N,N-dimethylformamide (3.0 mL) and methanol (3.0 mL) was added 
tetrakis(triphenylphosphine)palladium(0) (139 mg, 0.120 mmol) at room temperature. 
The reaction system was substituted with the atmospheric carbon monoxide and then 
heated at 75 °C for 1 hour. The reaction mixture was cooled to room temperature and 
quenched with saturated aqueous sodium chloride solution and extracted with diethyl 
ether three times. The combined organic phases were dried over sodium sulfate and 
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was 
purified with flash column chromatography on neutral silica gel (5 to 40% ethyl acetate 
in hexane) to give the title compound 345 (118 mg, dr= 1.8:1, including PPh3) as a 
brown oil. 
 
IR (film) 2954, 2852, 2798, 1729, 1442, 1393, 1057, 910, 854 cm-1; 
major isomer 
1H NMR (500 MHz, CDCl3) $ 7.77 (br s, 1H), 7.33 (m, 1H), 7.27-7.24 (m, 2H), 6.57 (s, 

1H), 3.74 (s, 3H), 3.69 (m, 1H), 3.41 (dd, J= 10.9, 4.0 Hz, 1H), 3.25 (m, 1H), 3.06 (m, 
1H), 2.68-2.58 (m, 2H), 2.54 (s, 3H), 1.63 (s, 9H); 
minor isomer 
1H NMR (500 MHz, CDCl3) $ 7.77 (br s, 1H), 7.33 (m, 1H), 7.27-7.24 (m, 2H), 6.52 (s, 

1H), 3.70 (s, 3H), 3.34-3.30 (m, 2H), 3.25 (m, 1H), 3.06 (m, 1H), 2.68-2.58 (m, 1H), 
2.51 (s, 3H), 2.51 (m, 1H), 1.63 (s, 9H); 
HRMS (ESI) calcd for C22H26N2NaO4 (M+Na)+: 405.1790, found 405.1797. 
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methyl lysergate and methyl isolysergate 74 
 

N

N

Boc

MeMeO2C
H

345

H

TFA, Me2S

CH2Cl2, 40 °C

Py

MeCN, 50 °C

90% (from 344)
dr= 1.8:1 N

N

H

MeMeO2C
H

74

H

 
 
To a solution of a mixture of !,"#unsaturated ester 345 (6.5 mg, 0.017 mmol) in 
dichloromethane (0.15 mL) and dimethyl sulfide (15 µL) was added trifluoroacetic acid 
(60 µL) at room temperature. After stirring for 1 hour at 40 °C, the reaction mixture was 

diluted with toluene (1 mL). The solvents were removed under reduced pressure and the 
resultant residue was used in the next reaction without any purification. 
To a solution of the residue in acetonitrile (0.15 mL) was added pyridine (30 µL) at 

room temperature. After stirring at 50 °C for 20 minutes, the solvent was removed 
under reduced pressure and the resultant residue was purified with thin layer column 
chromatography on silica gel (7.5% methanol in chloroform) to give the title compound 
74 (4.3 mg, 90%, dr= 1.8:1) as a brown oil. 
 
IR (film) 2950, 2850, 2799, 1732, 1558, 1540, 1507, 1455, 1435, 1068, 1057, 749 cm-1; 
 
1H NMR spectra of 74 was in good accordance with those reported by Ohno17 
1H NMR (400 MHz, CDCl3) of major isomer $ 7.92 (br s, 1H), 7.24-7.16 (m, 3H), 6.92 

(s, 1H), 6.60 (s, 1H), 3.78 (s, 3H), 3.72 (m, 1H), 3.53 (dd, J= 15.1, 5.5 Hz, 1H), 3.31 (m, 
1H), 3.20 (m, 1H), 2.78-2.69 (m, 2H), 2.62 (s, 3H); 
1H NMR (400 MHz, CDCl3) of minor isomer $ 7.92 (br s, 1H), 7.24-7.16 (m, 3H), 6.90 

(s, 1H), 6.56 (d, J= 4.1 Hz, 1H), 3.72 (s, 3H), 3.43 (dd, J= 14.8, 5.2 Hz, 1H), 3.36 (dd, 
J= 11.4, 3.7 Hz, 1H), 3.31 (m, 1H), 3.20 (m, 1H), 2.78-2.69 (m, 2H), 2.57 (s, 3H); 
HRMS (ESI) calcd for C17H19N2O2 (M+H)+: 283.1446, found 283.1460. 
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lysergic acid (1) 
 

N

N

H

MeMeO2C
H

74

H

NaOH

EtOH-H2O, 35 °C

36% N

N

H

MeHO2C
H

1

H

 
 
To solution of diastereomixture of methyl lysergate and isolysergate 74 (8.3 mg, 0.0293 
mmol) in ethanol (0.30 mL) was added 1N aqueous sodium hydroxide (0.30 mL). The 
reaction mixture was stirred at 35 °C for 2 hours. 1 N hydrochloric acid solution was 
used to carefully adjust the pH to 6 and stirred at 0 °C for 2 hours while a solid material 
was formed. The precipitate was filtered off and washed with cold water and acetone to 
give lysergic acid (1, 2.8 mg, 36%) as a pale red-brown solid. 
 
[!]D

20.9 46.1° (c 0.14, methanol); 

IR (film) 3243, 3207, 2921, 2850, 1597, 1455, 1375 cm-1; 
1H NMR (400 MHz, C5D5N) " 11.71 (br s, 1H), 7.45 (d, J= 7.8 Hz, 1H), 7.43 (d, J= 7.8 

Hz, 1H), 7.30 (dd, J= 7.8, 7.8 Hz, 1H), 7.21-7.19 (m, 2H), 4.06 (m, 1H), 3.64 (dd, J= 
14.6, 5.5 Hz, 1H), 3.54 (dd, J= 14.6, 5.0 Hz, 1H), 3.29 (m, 1H), 2.96-2.88 (m, 2H), 2.52 
(s, 3H); 
13C NMR (100 MHz, C5D5N) " 175.1 (C), 136.7 (C), 135.9 (C), 128.9 (C), 127.3 (C), 

123.3 (CH), 120.1 (CH), 119.8 (CH), 112.2 (CH), 110.5 (C), 110.5 (CH), 63.8 (CH), 
56.0 (CH2), 43.9 (CH3), 43.3 (CH), 27.9 (CH2); 

HRMS (ESI) calcd for C16H16N2NaO2 (M+Na)+: 291.1109, found 291.1111. 
 
 



 



 

 127 

 
 
 
 
 
 
 
 
 

 
 
 
 

Spectral Data 



 128 

 
 
  



 129 

  



 130 

  



 131 

  



 132 

  



 133 

  



 134 

  



 135 

  



 136 

  



 137 

  



 138 

  



 139 

  



 140 

  



 141 

  



 142 

  



 143 

  



 144 

  



 145 

  



 146 

  



 147 

  



 148 

  



 149 

  



 150 

  



 151 

  



 152 

  



 153 

  



 154 

  



 155 

  



 156 

  



 157 

  



 158 

  



 159 

  



 160 

  



 161 

  



 162 

  



 163 

  



 164 

  



 165 

  



 166 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 167 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 168 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 169 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 170 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 171 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 172 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 173 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 174 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 175 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 176 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 177 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 179 

References 
 
1. (a) Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.; 

Academic Press: New York, 1965, Vol. 8, pp 725-783. (b) Stadler, P. A.; Stutz, P. 
In the Alkaloids; Manske, R. H. F.; Holmes. H. L., Ed.; Academic Press: New 
York, 1975, Vol. 15, pp 1-40. (c) Ninomiya, I.; Kiguchi, T. In the Alkaloids; 
Brossi, A. Ed.; Academic Press: San Diego, CA, 1990, Vol. 38, pp 1-156. (d) 
Gröger, D.; Floss, H. G. In the Alkaloids; Cordell, G. A., Ed.; Academic Press: 
San Diego, 1998, Vol. 50, pp 171-218. (e) , , 

, , 1984, pp 194-200. 
2. Jacobs, W. A.; Craig, L. C. J. Biol. Chem. 1934, 104, 547-551. 
3. Stoll, A.; Petrzilka, T.; Rutschmann, J.; Hofmann, A.; Günthard, H. H. Helv. 

Chim. Acta 1954, 37, 2039-2057. 
4. (a) For a recent review, see: Tudzynski, P.; Correia, T.; Keller, U. Appl. Microbiol. 

Biotechnol. 2001, 57, 593-605. (b) Schardl, C. L.; Panaccione, D. G.; Tudzynski, 
P. In the Alkaloids; Cordell G. A. Ed.; Academic Press: San Diego, CA, 2006, 
Vol. 63, pp 45-86. (c) Gerhards, N.; Neubauer, L.; Tudzynski, P.; Li, S-M.; 
Toxins 2014, 6, 3281-3295. 

5. Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.; 
Academic Press: New York, 1965, Vol. 8, pp 725-783. 

6. (a) Kornfeld, E. C.; Fornefeld, E. J.; Kline, G. B.; Mann, M. J.; Jones, R. G.; 
Woodward, R. B. J. Am. Chem. Soc. 1954, 76, 5256-5257. (b) Kornfeld, E. C.; 
Fornefeld, E. J.; Kline, G. B.; Mann, M. J.; Morrison, D. E.; Jones, R. G.; 
Woodward, R. B. J. Am. Chem. Soc. 1956, 78, 3087-3114. 

7. Julia, M.; Goffic, F. L.; Igolen, J.; Baillarge, M. Tetrahedron Lett. 1969, 10, 
1569-1571. 

8. (a) Armstrong, V. W.; Coulton; Ramage, R. Tetrahedron Lett. 1976, 17, 
4311-4312. (b) Ramage, R.; Armstrong, V. W.; Coulton, S. Tetrahedron Suppl. 
1981, 37, 157-164. 

9. Oppolzer, W.; Francotte, E.; Bättig, K. Helv. Chim. Acta 1981, 64, 478-481. 
10. (a) Kiguchi, T.; Hashimoto, C.; Naito, T.; Ninomiya, I. Heterocycles 1982, 

2279-2282. (b) Ninomiya, I.; Hashimoto, C.; Kiguchi, T.; Naito, T. J. Chem. Soc. 
Perkin Trans. 1 1985, 941-948. 

11. (a) Rebek, J., Jr.; Tai, D. F. Tetrahedron Lett. 1983, 24, 859-860. (b) Rebek, J., 
Jr.; Tai, D. F.; Shue, Y. K. J. Am. Chem. Soc. 1984, 106, 1813-1819. 



 180 

12. (a) Kurihara, T.; Terada, T.; Yoneda, R. Chem. Pharm. Bull. 1986, 34, 442-443. 
(b) Kurihara, T.; Terada, T.; Harusawa, S.; Yoneda, R. Chem. Pharm. Bull. 1987, 
35, 4793-4802. 

13. Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G. Tetrahedron Lett. 1988, 29, 
3117-3120. 

14. (a) Hendrickson, J. B.; Wang, J. Org. Lett. 2004, 6, 3-5. (b) Bekkam, M.; Mo, H.; 
Nichols, D. E. Org. Lett. 2012, 14, 296-298. 

15. (a) Moldvai, I.; Temesvári-Major, E.; Incze, M.; Szentirmay, É.; Gacs-Baitz, E.; 
Szántay, C. J. Org. Chem. 2004, 69, 5993-6000. (b) Moldvai, I.; Temesvári-Major, 
E.; Incze, M.; Dornyei, G.; Szentirmay, É.; Szántay, C. Helv. Chim. Acta 2005, 88, 
1344-1356. 

16. (a) Jia, Y.; Zhu, J. J. Org. Chem. 2006, 71, 7826-7834. (b) Liu, Q.; Jia, Y. Org. 
Lett. 2011, 13, 4810-4813. 

17. (a) Inuki, S.; Oishi, S.; Fujii, N.; Ohno, H. Org. Lett. 2008, 10, 5239-5242. (b) 
Inuki, S.; Iwata, A.; Oishi, S.; Fujii, N.; Ohno, H. J. Org. Chem. 2011, 76, 
2072-2083. 

18. Kurokawa, T.; Isomura, M.; Tokuyama, H.; Fukuyama, T. Synlett 2009, 775-778. 
19. Inoue, T.; Yokoshima, S.; Fukuyama, T. Heterocycles 2009, 79, 373-378. 
20. Umezaki, S.; Yokoshima, S.; Fukuyama, T. Org. Lett. 2013, 15, 4230-4233. 
21. Haefliger, W. E. Helv. Chim. Acta 1984, 67, 1942-1951. 
22. Quirin, C.; Kazmaier, U. Synthesis 2009, 1725-1731. 
23. Leanna, M. R.; Martinelli, M. J.; Varie, D. L.; Kress, T. J. Tetrahedron Lett. 1989, 

30, 3935-3938. 
24. Bertolini, F.; Woodward, S.; Crotti, S.; Pineschi, M. Tetrahedron Lett. 2009, 50, 

4515-4518. 
25. Krause, N.; Seebach, D. Chem. Ber. 1988, 121, 1315-1320. 
26. Yoshida, Y.; Shimonishi, K.; Sakakura, Y.; Okada, S.; Aso, N.; Tanabe, Y. 

Synthesis 1999, 1633-1636. 
27. Toma, T. Ph.D. Dissertation, University of Tokyo, 2012. 
28. Palais, L.; Chemla, F.; Ferreira, F. Synlett 2006, 1039-1042. 
29. Chemla, F.; Ferreira, F. J. Org. Chem. 2004, 69, 8244-8250. 
30. Schmidt, H. M.; Arens, J. F. Recueil des Travaux Chimiques des Pays-Bas 1967, 

86, 1138-1142. 
31. Bergmeier, S. C.; Katz, S. J.; Huang, J.; McPherson, H.; Donoghue, P. J.; Reed, D. 

D. Tetrahedron Lett. 2004, 45, 5011-5014. 



 181 

32. Baran, P. S.; Guerrero, C. A.; Corey, E. J. J. Am. Chem. Soc. 2003, 125, 
5628-5629. 

33. Cainelli, G.; Panunzio, M.; Contento, M.; Giacomini, D.; Mezzina, E.; Giovagnoli, 
D. Tetrahedron 1993, 49, 3809-3826. 

34. (a) Bandyopadhyay, A.; Pahari, A. K.; Chattopadhyay, S. K. Tetrahedron Lett. 
2009, 50, 6036-6039. (b) Inuki, S.; Yoshimitsu, Y.; Oishi, S.; Fujii, N.; Ohno, H. 
Org. Lett. 2009, 11, 4478-4481. 

35. Dondoni, A.; Perrone, D.; Turturici, E. J. Org. Chem. 1999, 64, 5557-5564. 
36. Yamada, K.; Kubo, T.; Tokuyama, H.; Fukuyama, T. Synlett 2002, 231-234. 
37. Gotoh, H.; Ishikawa, H.; Hayashi, Y. Org. Lett. 2007, 9, 5307-5309. 
38. Chakraborty, T. K.; Ghosh, A. Synlett 2002, 2039-2040. 
39. Evans, D. A.; Ennis, M. D.; Mathre, D. J. J. Am. Chem. Soc. 1982, 104, 

1737-1739. 
40. Evans, D. A.; Bilodeau, M. T.; Somers, T. C.; Clardy, J.; Cherry, D.; Kato, Y. J. 

Org. Chem. 1991, 56, 5750-5752. 
41. (a) Crimmins, M. T.; King, B. W.; Tabet, E. A. J. Am. Chem. Soc. 1997, 119, 

7883-7884. (b) Crimmins, M. T.; King, B. W.; Tabet, E. A.; Chaudhary, K. J. Org. 
Chem. 2001, 66, 894-902. 

42. (a) Honzl, J.; Rudinger, J. Collect. Czech. Chem. Commun. 1961, 26, 2333-2344. 
(b) Umezaki, S. Ph.D. Dissertation, University of Tokyo, 2012. 

43. Yamada, S.; Morita, C. J. Am. Chem. Soc. 2002, 124, 8184-8185. 
44. (a) Zhang, H. X.; Guibé, F.; Balavoine, G. J. Org. Chem. 1990, 55, 1857-1867. 

(b) Betzer, J-F.; Delaloge, F.; Muller, B.; Pancrazi, A.; Prunet, J. J. Org. Chem. 
1997, 62, 7768-7780. (c) Marshall, J. A.; Bourbeau, M. P. Tetrahedron Lett. 2003, 
44, 1087-1089. (d) Hamze, A.; Provot, O.; Brion, J-D.; Alami, M. J. Org. Chem. 
2007, 72, 3868-3874. 

45. Synthetic applications of regioselective hydrostannylation of propargyl alcohols, 
see: Kulagowski, J. J.; Curtis, N. R.; Swain, C. J.; Williams, B. J. Org. Lett. 2001, 
3, 667-670. 

46. (a) Ueda, T.; Konishi, H.; Manabe, K. Angew. Chem. Int. Ed. 2013, 52, 
8611-8615. (b) Konishi, H.; Manabe, K. Synlett 2014, 1971-1986. (c) 

2015, 73, 911-922. 
47. (a) Balas, L.; Jousseaume, B.; Shin, H.; Verlhac, J-B.; Wallian, F. 

Organometallics 1991, 10, 366-368. (b) Jousseaume, B.; Kwon, H.; Verlhac, J-B.; 
Denat, F.; Dubac, J. Synlett 1993, 117-118. 



 182 

48. Bach, N. J.; Kornfeld, E. C.; Dorman, D. E. J. Med. Chem. 1977, 20, 1105-1107.



 



 184 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

28 3  



 


