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Limonoid famliy feature

« the most impressive symbol sturcture is the furan ring

« classfied by completion of A/B/C/D Rrings if one of these
rings fractured is called "X ring-seco type limonoid"

* majorly found in Meliaceae and Rutaceae

* nearly 2500 limonoids with over 35 unique carbon
frameworks have been observed

basic limonoid skeleton

Proposed biosynthetic pathway
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1. C-30 methyl shift
2. Furan ring formation
3. A-ring modification

Presentative total synthesis
works of the limonoid family
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De La Pena, SCIENCE, 2023, 379, 361
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me’ Me

four intact rings type
4.4 8-trimethyl-17-
furyl-13a-androstane

Structure feature
« tetranortriterpenoid family
« preplex chiral centers

« relatively low oxidation state compared to other limonoids

Main issues
« 7 consecutive chiral centers
« easily oxidizable furan ring

Main strategy

« cationic triple annulation
« radical ring closure

« bimetallic coupling

Synthesis of Protoliminoid (20 steps)
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Corey, JACS, 2008, 7130, 6720
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Il. Limonin

Structure feature

« flagship congener in the
tetranortriterpenoid family

« preplex chiral centers

« relatively high oxidation state

AID rings seco type limonoid

Retrosynthetic analysis

)

geraniol

furan installation and
modification of A and D rings

Robinson
annulation

Synthesis of (+) Limonin
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Yamashita, ACI/E, 2015, 54, 8538




Qiyang Wang

Limonoid Natural Product

Hu Lab @WestlakeU

lll. Perforanoid A

&
We :_,’ Structure feature

« tetranortriterpenoid family

« preplex chiral centers

« relatively low oxidation state
* novel BCD ring system

A/BID rings seco type limonoid

Background

« isolated by Xiaojiang Hao and co-workers, but configuration was uncertain at C10,
eventually, proved by total synthesis with Zhen Yang and co-workers

» C10 absolute stereochemistry was comfirmed by Mosher esterification via 1H, F NMR

» veryfied biological activities(ICso) against HEL(6.17uM), CB3(3.91uM), K562(4.24M)
indicating potential antileukemia activity.

Retrosynthetic analysis
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addition
Oshima- G /O
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Synthesis of Perforanoid A (10 steps)
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Hao, ACIE, 2016, 55, 7539



Qiyang Wang

Limonoid Natural Product

Hu Lab @WestlakeU

IV. (-)-Xylogranatopyridine

(o]
L)
7 Structure feature

« tetranortriterpenoid family
 prossess a rare pyridine ring

(o] « relatively low oxidation state

« flat skeleton structure of four rings

° BD rings seco type limonoid

Background

« isolated from Chinese mangrove (Xylocarpus granatum)
« involved oxidative stannylation and kenetic resolution using (—)-Levamisole,
providing a novel method for construction of the CD rings

Retrosynthetic analysis

Me ¢ Liebeskind A
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Synthesis of (-)-Xylogranatopyridine B(11 steps)
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Newhouse, JACS, 2018, 7140, 2062
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V. Andirolide N
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Structure feature
* tetranortriterpenoid family

* prossess complex cage like scaffold
« relatively high oxidation state

A/BID rings seco type limonoid

Background

« isolated from flower of mahogany (Carapa guianensis)
« simulate natural synthesis pathway to build the complex cage rings
synthetic target is aim at a natural product degradation named iso-odoratin

Retrosynthetic analysis

natural
biosynthesis
Andirolide N 8a-hydroxycarapin
acylation-
Michael
addition
o )\ _—
N coMe 4 |- °
Me! Me =0
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Synthesis of Andirolide N (12 steps)
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Andirolide N

Newhouse, JACS, 2017, 139, 631
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VI. Gedunin

Synthesis of Gedunin (13 steps)

o
. c
Z a. Meli, a. O3, DMS
P TFAA then DBU
22U ——
b. SOCl,, Py b. MERO1
La37A HO
D rin type limonoid 3D structure
9 seco typ sclareolide
(o]
fo) furyl-3-methanol,K;PO,4 w TEA, TMSCI @
Background Structure feature 50:1 dr, 95% ee acryloyl chloride 2 Grubbs '
* isolated from mangrove (Xylocarpus Koenig) « tetranortriterpenoid family " N > —O0
* potent |nh|b|t°ry for heat shock protein 90 (HSP 90)  preplex stereocenters € A"yl_ H
engenders anticancer effect to various cancers

 four almost intact rings
* one of the most potent antimalarial limonoid due to 9
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Retrosynthetic analysis

j Q a. SeO,
G

TBHP

b. Fe(acac); O O
i , | v~ S0  C3 oxidation PhSiH3 ¥z _ ’ P
C-ring : lactone : : :
lation X _ :
annd D O degrdation ] )

Gedunin

Renata, JACS, 2022, 144, 19238
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VII. Nimbolide

Structure feature

« tetranortriterpenoid family

* preplex chiral centers

* prossess a lactone ring

* prossess a full stereocenters ring
« relatively high oxidation state

C ring seco type limonoid

Marketed drugs of PARPIs and synthetic lethality mechanism

ﬂ impair

l

AVALS
AV ANV AV N

HRD (cancer cell)
BRCA mutant
cancer Apoptosis
normal cells survive

impair

F Talazoparib
the most effective PARPIs
in tapping mechanism

repair by
PARP

HRR
normal
cells

Retrosynthetic analysis and SAR
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.
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)
T
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—
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Synthesis of Nimbolide (14 steps)
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U \§
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Tian Qin, Chemrxiv, 2022
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VIIl. azadirachtin

° MeO,C OH Mo Structure feature

« tetranortriterpenoid family

« terrified chiral centers

« prossess 16 contiguous stereocenters
A Y « extremely high oxidation state

Meo,c’ =1 « various oxygen functional groups

C ring seco type limonoid

Background

« first isolated from the Indian neem tree by J. H. Butterworth and E. D. Morgan in 1968
first total synthesis reported by Steven V. Ley and co-workers using 40 years

« one of the most notably antifeedant against insect species (>200)

« furan ring oxidates to form bicyclic rings with D ring

« after plenty of auther's investgation and other literature the hardest problem is to
construct Cs-Cq4carbon bond due to steric constraints from Cg position

« be unendure with both acid and base presenting fairly unstable by investgation

« vital decalin fragment could obtain from degradation of azadirachtin itself
even devised a mature route to degrade the natural product into the intermediate

MeOZC OBn Me
foRd

p-elimination
and retro-aldol
—_—
key step for the HO™ N
degradation Meo,C 215

decalin fragment

Claisen
rearrangement

OMe DIPEA,
OMe

racemic synthesis for 6 steps
from the commerical availiable

Synthesis of azadirachtin (52 steps)

_ =
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azadirachtin via 5 steps
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; Me c. HCI
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-
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(o]
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a.bmMmpo  Ph., |/°'
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b. PTSA 0. |
MeOH 1 H [0}
MeO,C *—Q
OMOM , DIPEA MOMQ
o, OH S03-Py Ph,

—’ I
0~ "0b. AllyIMgCl

\ c NaH, BnBr W

a. NBS

b. NH4Cl, Zn

c. O3, PS-PPh3
d. TPAP, NMO

MOMOQ
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_b. TBSCI %
c. CS,, NaHMDS
then Mel
d. AIBN, "Bu3SnH

Ley Chem. Eur. j., 2008, 14, 10683
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VIIIl. azadirachtin
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MeO,C
MeO,C

—0
AcO O

o:Me . H

Structure feature

« tetranortriterpenoid family

« terrified chiral centers

« prossess 16 contiguous stereocenters
« extremely high oxidation state

« various oxygen functional groups

\

OMe
Hydrogen-bonding pattern in azadirachin CO,-OH mg** MMPP-6H,0
@ 6H,0 heat
Synthesis of azadirachtin €Oz 2
o MeOzC__ OBn I\_lle MMPP6H20 Meozq OBn Me
OH a. PMBTCA, La(OTf)3s  pmBO a. MeLi-LiBr : : HE O 0. ?Bn
i OBn b. DIBAL-H i OBn b. 'PrMgCl, (CH20)n : : o
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> OMe
Br)\‘..» o H o N H (o) ) b.Hz, Pd/C, 3h  1gso* . H s
Br/LBr et = a. Ac20, TEA MeO,C “—o0
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Me0,C 0Bn cl cl
TESO O Me
Z Me Me\)}rO
! PMBO o O
TESO™ Y i "0 : /OBN
..OPMB Meo,C =g ' 0
fo) ..OBn -€ /_.-~
H NaH, 15-crown-5 Mso\//
MY, ot Then TBAF
Claisen OMe
rearrangement
MeO2C OBn ||
; Cc

HO O]

MeO,C OBn Il
HO 9} c

a. TBS-imidazole
b. DDQ

0
MeO,.C OH Me
ol

Ha, Pd/C, 14h

: (o]
0CS;Me Me 0 OH a. PhSeH, PPTS MeO,C OH Me
& : Me 0% os OH
- OBn | b. H202, Py 0 : :
. A - o o - 3
Meo,C' * 20 Me0,C' *26 AcO™ BN OH |
OMe OMe meo,c’ :H g AcO™
; i MeO,C —Q
azadirachtin
Ley Chem. Eur. j., 2008, 14, 10683
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VIIl. azadirachtin

MeO,C
0 :Meo H Structure feature PMB., _O.
MeO,C [ « tetranortriterpenoid family (
« terrified chiral centers 0.,

» prossess 16 contiguous stereocenters Et0,C v

» extremely high oxidation state
« various oxygen functional groups Fragment B MeMgBr
Cul
Hydrogen-bonding pattern in azadirachin
o] [o]
Formal synthesis of azadirachtin by Watanabe

a. AIBN, "Bu3SnH, 35%

PMB,, ro.._‘ OBn b. TMSCI, imidazole PMB,,
| 0 Ph o) o) N 0
Fap EORS0 a.LiHVMDS, EA  { I OMe OMe
. ‘ b. TBAF 0~ o a. O3, thenDMS ., A
- — > | /TCoOH—————>y MeO,C' *—0 MeO,C
OH OH o M e R PR a. TBSOTY
L '
b. Davis's
TBSOTY reagent
Lutidine l C. TBAF
Ph Ph
OMe & a. DMP
a.DIBAL-H | b. K2C03, MeOH Bide.
a. BnBr H OMe C. BnBr, Ag,0
NaH b. Mel, Ag2,0O
b. Pd/C
H2
HO
Be S a. Swern
> ; a. PPTS
} O8n b. MeLi i
: —_—
mOMe c. Swern MeO,C OBn S0y b. TBSOTf
TBSO™ ~07: O :
H a8 9 steps follow ; ik
1, e
y ; ley's routes
azadirachtin -
a. Ac;0 TBSO™ M iy
a. MsCl, TEA b. TBAF MeO,C '—Hd

OMe b. (PhSe):

OMe
NaBH4

known compound

Fragment A

Watanabe, ACIE, 2015, 54, 14920 "
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