Problem Session (1) -Answer- 2023/10/07 Yo Matsumoto
Topic: Enantioselective Total Synthesis of Grayanane Diterpenoids and (+)-Kalmanol

Introduction

HO

Grayanotoxin | : R = Ac Grayanotoxin || Kalmanol
Grayanotoxin lll : R=H

Isolation:
Grayanotoxin |, II, Ill : Leucothoe grayana®
Kalmanol : Kalmia angustifolia®)

Structure feature:
5/7/6/5 or 5/8/5/5 tetracyclic carbon framework

Bioactivity:
Effect on Voltage-gated sodium channels:
antinociceptive activity (Kalmanol)

Total synthesis: Mollanol A Rhodomollanol A

Grayanotoxin Il : Matsumoto®
(-)-Grayanotoxin Il : Shirahama?®

1. MsCl (3.0 equiv), Et3N (5.0 equiv)
DMAP (0.1 equiv), CH,Cl,, 0 °C
2. Et3N (2.0 equiv), THF/H,0, 85 °C
OH 1-2-A: 42% (2steps) Ph
1-2-B: 45% (2steps) 1-2-A
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Intramolecule
Sn2 reaction
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Discussion 1-1:
Selectivity of Path A and B

Path B 1-2-A’

Wagner-Meerwein
rearangement

Discussion 1-2:
Regioselectivity




1-1. Selectivity of 1-2-A and 1-2-B
OH

ep 3 Me H
7 R 5
}/O

Ph (0] OMs
1-3 1-3-A 1-3-B
B: twist-chair B: twist-boat
C: chair C: chair

It is seemed that benzylideneacetal affects conformation change. Paying attention to B ring and C ring, these two
conformations are proposed. 1-3-A has diaxial interuction by phenyl and methyl. So, 1-3-B is more stable form of
this compound. In the conformation of 1-3-B, the distance between C10-hydroxy group and C14 is small.
Therefore, it is assumed that intramolecule S\2 reaction is as fast as wagner-meerwein rearrangement in this

reaction.

1-2. Regioselectivity

Path B




1-4

Paying attention to the direction of o*-orbital of C14-O bond, in the path D - E - F, these bonds don’t match with
that orbital. Then, only path B and C are seemed to happen. Seeing cation which is rearrangement product, 1-5 is
more stable than 1-6, which has secondary cation.

In conclusion, it says that only path B and path A (Sy2 reaction) occur.

1. VO(acac), (15 mol%), t-BuOOH (2.5 equiv),
CH,Cl,, =20 °C; DBU (1.5 equiv), CH,Cl,,
rt; HCI (aq.), THF/MeOH, rt, 65%

2. 365 nm LED (10 W), MeCN, rt,
2-2-A: 37%, 2-2-B: 23%

Answer:

conformation-flip

B ———

The reaction using V(IV) is discribed.
The reaction using V(V) proceeds in the same way.®)

- _
Me
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; HCI

+ H20

hv (365 nm)

Discussion 2

pyramidalized
radical flip




Discussion 2
2-1. Photoreaction
2-1-1. Hydrogen atom transfer

After excitation of enones, 1,6-hydrogen atom transfer occurs. Although there is the possibility of 1,5-hydrogen

atom transfer, its higher Gibbs free energy than that of 1,6-hydrogen makes it difficult to
occur.

HO, %
- OH AG = 16.8 kcal/mol
OH
2410 L i
AG*= 8.9 keallmol - iE:
This difference of Gibbs free energy
may be caused by difference of < The most faverable transition of hydrogen
hydrogen atom abstraction by radical. atom abstraction by radical in general>
Generally, in this hydrogen atom
abstraction, the three points that are HOMO SOMO (LUMO)
radical and hydrogen atom and 14-
carbon atom should be in a straight %H-—--
line. Transition state of 2-15 is more \/
suitable than 2-14 in that perspective. LUMO 180 © SOMO (HOMO)
Therefore, 1,6-hydrogen atom
transfer is major in this reaction.

2-1-2. Gibbs free energy level (please see the page 7)

- Path B

After 1,6-hydrogen atom transfer, via excitation of 1r-1r* triplet state for singlet state, C1-C14 radical-radical
combination occurs.

- Path A

After 1,6-hydrogen atom transfer, hydrogen atom transfer happens angain, between C1-radical and hydroxy
group of C14. It is assumed that there are two routes before that second hydrogen atom transfer.
[1]: Transformation from 1r-11* triplet state to singlet state via minimum energy cross point

(MECP, AE = 1.5 kcal/mol) — Flipping of C14-pyramidalized radical (AG¢= 6.2 kcal/mol)
[2]: Flipping of C14-pyramidalized radical (AG:C = 5.9 kcal/mol)

— Transformation from t-11* triplet state to singlet state via MECP (AE = 0.4 kcal/mol)

It is seemed that [2] is major because it needs less activation energy and is via triplet-2-12 which is the most
stable transition state.
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C14-pyramidalized radical flipping

2-12”

hydrogen bond
2-12” is the conputing conformation. In the conformation of 2-12°, the distance between hydrogen atom of C14-
hydroxy group and oxygen atom of C10-hydroxy group is 1.81 A Generally, the length between hydrogen atom
and acceptor atom is from 1.6 A to 2.0 A. Therefore, it is assumed that this hydrogen bond made 2-12 more
stable than 2-10.

2-2. Conformation change
Diaxial Interaction
8Ie H
oH "
(0]

213

Before substrate changes to 2-2-A by intramolecule acetalization, the conformation of cycloheptane which
has three hydroxy groups changes to less obstacle conformation. As a result, hydroxy group of C10
approaches to C14-ketone. Then, for improving diaxial interaction, structure of tetrahydrofuran is formed.
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