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1. LiN(TMS)2 (2.2 eq), THF, -78 °C;

2. DIBAL (5.0 eq), THF/toluene, -78 °C, 83%

3. A (2.0 eq), K2CO3 (2.0 eq), MeOH, 0 °C to rt

4. TBSCl (1.2 eq), imidazole, DMAP,

CH2Cl2, 0°C to rt, 61% (2 steps)

5. Co2(CO)8 (1.2 eq), toluene, 70 °C, 72%

Br (3.0 eq), 90%
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1. B (1.1 eq), Et3N (3.0 eq), CH2Cl2;
L-proline (1.0 eq), DMF, rt, 60%

2. Boc2O (5.0 eq), CH2Cl2, rt, 93%
3. IBX (3.0 eq), EtOAc, 80 °C, 79%
4. K2CO3 (3.0 eq), MeOH, rt, 98%
5. OsO4 (0.1 eq), NaIO4 (20 eq), 2,6-lutidine (10 eq),

dioxane/H2O (3/1, v/v), rt; TFA, CH2Cl2, 0 °C to rt, 56%

R = (CH2)3OPMP

RH

H

H

O

O

NSO2Ar

O

Ar = C6H4-p-CF3

1. C (1.2 eq), Et3N, MeCN/THF, rt, 98%
2. D (6.6 eq), toluene, reflux, 55%
3. aq NaOH, EtOH, rt, 91%
4. CDl (2.0 eq), THF, rt; E (1.5 eq), DBU, rt
5. TBAF, THF, rt, 86% (2 steps)
6. Dess-Martin periodinane, pyridine, CH2Cl2, rt to 40°C, 80%
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1. Please explain the reaction mechanisms.

2. Please explain the reaction mechanisms.

3. Please explain the reaction mechanisms.
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Problem Session (1) Answer 2016/10/20 Koichi Kamiya

Isolation
Isolated from Palhinhaea cernua (Dong, L.-B. et. al. Chem. Commun. 2012, 48, 9038-9040)
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Lycopalhine A (1)

0. Introduction

Biosynthesis
Dong, L.-B. et. al. Chem. Commun. 2012, 48, 9038-9040
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Lycopalhine A (1)

Aldol condensation

Polonovski-type
reaction cyclization

obscurinine (0-1) 0-2

0-3 0-4

0-5

Total synthesis
Williams, B. M.; Trauner, D. Angew. Chem. Int. Ed. 2016, 55, 2191-2194 (Problem 1 and 2)
Ochi, Y.; Yokoshima, S.; Fukuyama, T. Org. Lett. 2016, 18, 1494-1496 (Problem 3)

Biological activity
Acetylcolinesterase and butyrylcholinesterase inhibitory activities
(Dong, L.-B. et. al. Chem. Commun. 2012, 48, 9038-9040)

Structure
Belongs to Lycopodium alkaloids
One six-membered and two five-membered carbocycle
A piperidine and a hexahydropyrimidine heterocycle
A densely substituted pyrrolidine core
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• Trauner's retrosynthetic route
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1. LiN(TMS)2 (2.2 eq), THF, -78 °C;

2. DIBAL (5.0 eq), THF/toluene, -78 °C, 83%

3. A (2.0 eq), K2CO3 (2.0 eq), MeOH, 0 °C to rt

4. TBSCl (1.2 eq), imidazole, DMAP,

CH2Cl2, 0°C to rt, 61% (2 steps)

5. Co2(CO)8 (1.2 eq), toluene, 70 °C, 72%

Br (3.0 eq), 90%
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1. Please explain the reaction mechanisms.
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• discussion 1

• The mechanism of stereo selectivity
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9-membered ring transition state
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(Hanessian, S.; Schaum, R. Tetrahedron. Letters. 1997, 38, 163-166)
(Hanessian, S.; Margarita, R. Tetrahedron. Letters. 1998, 39, 5887-5890)
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E-enolate also construct 9-membered ring transition state and genarate 1-4.
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1. B (1.1 eq), Et3N (3.0 eq), CH2Cl2;
L-proline (1.0 eq), DMF, rt, 60%

2. Boc2O (5.0 eq), CH2Cl2, rt, 93%
3. IBX (3.0 eq), EtOAc, 80 °C, 79%
4. K2CO3 (3.0 eq), MeOH, rt, 98%
5. OsO4 (0.1 eq), NaIO4 (20 eq), 2,6-lutidine (10 eq),
dioxane/H2O (3/1, v/v), rt; TFA, CH2Cl2, 0 °C to rt, 56%
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2. Please explain the reaction mechanisms.
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• discussion 2-1

(Ochi, Y.; Yokoshima, S.; Fukuyama, T. Org. Lett. 2016, 18, 1494-1496)

• discussion 2-2
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1. C (1.2 eq), Et3N, MeCN/THF, rt, 98%
2. D (6.6 eq), toluene, reflux, 55%
3. aq NaOH, EtOH, rt, 91%
4. CDl (2.0 eq), THF, rt; E (1.5 eq), DBU, rt
5. TBAF, THF, rt, 86% (2 steps)
6. Dess-Martin periodinane, pyridine, CH2Cl2, rt to 40°C, 80%

3-2

O

OEt

O

TBSO

R

3-1

3. Please explain the reaction mechanisms.

NMeMeN

N

NMeMeN

R

H

TBSO

O

O

O
aq NaOH

Step 1

Step 2

Step 3

3-1 3-3

3-4

3-7

3-11 3-12

C

discussion 3

CuI
N

O

tBu

TBSO

R

O OEt

O

N

N

3-5

TBSO

R

O OEt

O

N

N

3-6

CuI N

O

tBu

TBSO

OEt

O O

CuI
R

TBSO

OEt

O O

R

CuI

R

H

TBSO

O

OEt

O

3-10

8

3-8 3-9

NMeMeN

N3 PF6

C

N

Cu
O

tBu

N

O

tBu

D

F3C S

O

O

NH2

E



R

H

TBSO

O

N

O

N

NHSO2Ar

R

H

TBSO

O

NHSO2Ar

O

R

H

HO

O

NHSO2Ar

O

R

H

HO

O

NHSO2Ar

O

I

O

O

AcO OAc
AcO

I

O

O

AcO

AcO

R

H

O

O

NHSO2Ar

O

H

R

H

O

NHSO2Ar

O

O

R

H

O

NHSHO2Ar

O

O H
R

H

O

NSHO2Ar

O

O

RH

H

O

NSO2Ar

O

H

RH

H

H

O

NSO2Ar

O

R

H

TBSO

O

O

O

O

N

N

NHN

R

H

TBSO

O

O

O

N

N

O

N

N

H

TBAF

Step 4 Step 5

Step 6

3-13 3-14

3-15 3-16 3-17

3-19

3-21 3-22

3-2

3-18

3-23

R

H

O

NHSO2Ar

O

O

H

B

3-20

3-24

O O

E

9



• discussion 3

The mechanism bellow was suggested.
(Salomon, R. G.; Kochi, J. K. J. Am. Chem. Soc. 1973, 95, 3300-3310)

2(RCO2)2Cu
II + 2N2CHCO2Et 2N2 +

RCO2CHCO2Et

RCO2CHCO2Et
+ 2(RCO2)Cu

I
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The way to generate CuI










