Literature Report |

Total Synthesis of lllisimonin A and Merrilactone A

Reporter: Sai-Nan Yin
Checker: Gao-Wei Wang
Date: 2023-11-13

Gong, X.; Huang, J.; Sun, X.; Chen, Z.; Yang, M.* Angew. Chem. Int. Ed. 2023, 62, €202306367



CV of Prof. Ming Yang

Research Fields:

» Total Synthesis of Natural Products
» Qrganic Synthetic Methodology
» Maedicinal Chemistry

Background.:

O 2004-2008 B.S., Hubei University

O 2008-2013 Ph.D., Lanzhou University (Prof. Yong-Qiang Tu)

O 2013-2015 Postdoc., Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
O 2015-2018 Postdoc., The University of Chicago

O 2019- Professor, College of Chemistry and Chemical Engineering, Lanzhou University




Contents

n Introduction

Total Synthesis of lllisimonin A and Merrilactone A




Introduction

Merrilactone A lllisimonin A

lllicium Species Plants

> lllicium sesquiterpenes were isolated from lllicium species plants (/\fEEY));

» Some members of lllicium sesquiterpenes could be useful for the treatment of
neurodegenerative diseases.




The Proposed Biosynthetic Pathway
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The Common Key Intermediates
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Retrosynthetic Strategy
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Synthesis of the Spiro-[5.6]decane Skeleton of Compound 28
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Synthesis of 1,3-Dicarbonyl Compound 27

28

Pd,(dba)s
XantPhos, PMPOH

84% yield

KHMDS, PhNTf,

68% yield
88% (brsm)

brsm: Based on Recovered Starting Materials




Synthesis of 1,3-Dicarbonyl Compound 27

Oxidative
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Synthesis of 1,3-Dicarbonyl Compound 27

28

Pd,(dba)s
XantPhos, PMPOH

84% yield

KHMDS, PhNTf,

68% yield
88% (brsm)

brsm: Based on Recovered Starting Materials
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Synthesis of Key Intermediate 26

Pd(OAc),, P(Mes);, HCOONa

42% yield
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Synthesis of Key Intermediate 26

Pd(OAc),, P(Mes)s, HCOONa

42% yield
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Synthesis of lllisimonin A
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Synthesis of lllisimonin A
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Synthesis of lllisimonin A

Co(acac)s, PhSiH3, 05 . DBU, 23 °C then 4 M HCI

70% yield 75% vyield
Mukaiyama Hydration retro-Dieckmann Condensation
26 36 37
CAN
55% yield

1. KHMDS, PhNTf,

~f
2. Pd(PPh3),Cl,, AlMe;
78% vyield (2 steps)

<‘4 M HCI in dioxane, MeOH, CH(OMe);
then PTSA-H,0, acetone




Synthesis of lllisimonin A

36

36

Base

DBU, 23 °C then 4 M HCI

75% vyield

retro-Dieckmann Condensation

Int-2
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Synthesis of lllisimonin A
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Synthesis of lllisimonin A

CAN
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Synthesis of lllisimonin A

Co(acac)s, PhSiH3, 05 . DBU, 23 °C then 4 M HCI

70% yield 75% vyield
Mukaiyama Hydration retro-Dieckmann Condensation
26 36 37
CAN
55% yield

1. KHMDS, PhNTf,

~f
2. Pd(PPh3),Cl,, AlMe;
78% vyield (2 steps)
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Synthesis of lllisimonin A

LiIHMDS, MoOPH

83% yield

lllisimonin A (19)

Jones reagent

then 2 M HCI
73% yield

Fe(acac)s, PhSiH3, 44

57% yield

Aldol Reaction
TBD
45% yield
98% brsm

43 (X-ray)
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Synthesis of lllisimonin A

Aldol Reaction
TBD
45% vyield
98% brsm

43 (X-ray)
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Synthesis of lllisimonin A

LiIHMDS, MoOPH

83% yield

lllisimonin A (19)
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57% yield
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Synthesis of Merrilactone A
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Chen, J.; Gao, P.; Yu, F.; Chen, Z.; Zhai, H.* Angew. Chem.

Merrilactone A (12)

Int. Ed. 2012, 51, 5897

24



Synthesis of the Carbon Scaffold of Merrilactone A

DBU, 70 °C
85% vyield

retro-Dieckmann Condensation

KHMDS, TESCI

93% yield

HF «py

85% yield

1. m-CPBA

2. CAN
30% yield
(2 steps)
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Synthesis of the Carbon Scaffold of Merrilactone A

Pb(OAC),

Merrilactone A (12)

Oxidative Cleavage

TBD

70% vyield (2 steps)

Aldol Reaction

1. MeMgBr, CeCl;

2. PTSA-H,0
51% vyield (2 steps)

50 (X-ray)

4 M HCI
70% yield

O

51 (X-ray)
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Optimization of the Asymmetric Reductive Heck Reaction

Screening the Ligands for the Asymmetric Reductive Heck Reaction

Pd(OAc), (10 mol%), Ligand (10 mol%), TBAB (2.0 eq.)
EtsN (3.0 eq.), HCOONa (2.0 eq.), 90 °C, 1,4-dioxane
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Optimization of the Asymmetric Reductive Heck Reaction

Optimization of Chiral Ligands for Asymmetric Reductive Heck Reaction

LS : 30% yield, 50% ee L6 : 31% yield, 43% ee L7 : 23% yield, 60% ee L8 : 27% yield, 40% ee
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Optimization of the Asymmetric Reductive Heck Reaction

Optimization of Conditions for Asymmetric Reductive Heck Reaction of 27 Using L7 as Ligand

OPMP
e Vs~ \
NS [Pd] (10 mol%), L7 (10 mol%), TBAB (2.0 eq.) X 04 N
EtsN (3.0 eq.), HCOONa (2.0 eq.), T, 1,4-dioxane - &
OTf 57 “Me
PMPO Me
(+)-26
Entry [Pd] Ligand T [°C] Yield [%] Ee [%]
1 Pd(OAc), L7 90 23 60
2 Pd,(dba)s L7 90 40 30
3 Pd,(dba)s L7 80 23 82
4 Pd,(dba)s L7 70 10 60

ERFEHT, 82%HeelEiSGE](+)-26, RIBAIEZE, {NF23%YE
MUUBERENEEMEK, KRESLIIZRIEXATYIHAXTIRE L




lllisimonin A

v lllisimonin A and Merrilactone A were synthesized in 20 and 26 steps in the longest

20 steps from SM

1.6% overall yield

\.

Common Intermediate

J

26 steps from SM

0.9% overall yield

linear sequence, 1.6% and 0.9% overall yield respectively;

v' The first example of syntheses of illicium sesquiterpenes with different carbon scaff-

olds from a common intermediate.

Merrilactone A
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Writing Strategy

O The First Paragraph

lllicium sesquiterpenes v lllicium sesquiterpenes are a large number of structurally diverse natural

HaBES TR products isolated from /llicium species plants. According to their modes
of carbon scaffold connectivity, they could be categorized into......

lllicium sesquiterpenes v Some members of these natural products have been shown to possess
pfe /b potent neurite outgrowth promoting activity in primary cultured rat
cortical neurons, which could be useful for the development of lead

compounds for the treatment of neurodegenerative diseases.

IRy v" Owing to significant bioactivities and complex molecular architectures,
BB AT T4E they _have attracted great attention from synthetic chemists. To date ......
Herein, we report ......
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Writing Strategy

O The Last Paragraph

MNERSGE v" In conclusion, we have proposed a plausible comprehensive biosynthetic
MEBRIHITES pathway for illicium sesquiterpenes for the first time. The syntheses of
illisimonin A and merrilactone A from key intermediate 26...... lllisimonin A

and merrilactone A were synthesized in 20 and 26 steps in the longest
linear sequence, respectively.

Fr & T $iF 14 Bl ik v A new type of P-chiral phosphorus ligand was also developed to enable
key asymmetric intramolecular desymmetrizing reductive Heck reaction,
and a maximum of 82% ee was obtained.

=g — /i dhaMk v This is also the first example of syntheses of illicium sesquiterpenes with
N ZNEIEE D 15 different carbon scaffolds from a common intermediate.
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Representative Examples

v" We reason that the allo-cedryl cation could be oxidized to dicarbonyl com-
pound 7 first, which is the key intermediate in the biosynthetic pathway of

illicium sesquiterpenes. (n. [F[#E, i v.iEE, #HiSH)

v" There might be a hydrogen bond between the nitroaromatic compound 44
and C8 hydroxy group in 43, which led to the inversion of selectivity at XX
position and gave high diastereoselectivity in the Mukaiyama hydration. (%

BN B AR ¥ B AR FRAEXTARIE )
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