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Introduction

Representative illicium susquiterpenes

Me, O Me o
HO\"': 5
b{)Me

merrilactone A (1)

Hd Me Me

11-O-debenzoyl
tashironin (4)

anislactone A (5) illisimonin A (6)

s ST =

efeh 1L k %

{302 FUDAN UNIVERSITY

Bioactivity

v Antimicrobial

v Neurotoxic (1)

v" Neurotrophic (2, 3, 4 ; facilitate neurite outgrowth)

v" Neuroprotective effects (4, 6; against OGD-injury
in SH-SY5Y; EC50 = 28.9 uM)

Structure features
v" 5/5/5/5/5 pentacyclic skeleton

v" 7 contiguous fully substituted stereocenters

1-22-cis fused:  1-23-trans fused: v" Several quaternary centers
0.00 kcal/mol 7.03 kcal/mol
RS . MP2/6-31+G(d) v Trans-5/5-fused ring and norbornane substructure
[. simonsii
Ma, S.; Li, M.; Lin, M.; Li, L.; Liu, Y.; Qiu, J.; Li, Y.; Wang, X.; Wang, R.; Xu, S.; Hou, Q.; Yu, S. Org. Lett. 2017, 19, 6160—6163. 4

Shenvia, R. A. Nat. Prod. Rep. 2016, 33, 535- 539.
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Proposed biosynthetic pathway

Me Me Me
A Isomerization A H +
cycliaddition 1,2-H shift
> >
I Z “Me - OPP Me | Me
Me Me "OPP Me Me Me Me
farnesyl 8 bisabolane
diphosphate (7) cation (9)
Cyclization
0] Me
Me Rearrangement Me
Me & Oxidation Me Cyclization
& - -
O i Me
Me :
Me Me Me Me/J'\Me
12 cedrane acorane
cation (11) cation (10)
Oxidation
Q Retro-Dieckmann Me O. O
Me condensation & Me Oxidation &
g Me  Hemiketal formation HO Aldol reaction
B - ree 1 .
0]
Lo 0
HO~ Me Me
13 14 illisimonin A
Ma, S.; Li, M.; Lin, M.; Li, L.; Liu, Y.; Qu, J.; Li, Y.; Wang, X.; Wang, R.; Xu, S.; Hou, Q.; Yu, S. Org. Lett. 2017, 19, 6160—6163. 5

Gong, X.; Huang, J.; Sun, X.; Chen, Z.; Yang, M. Angew. Chem. Int. Ed. 2023, 62, e202306367.
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Total Syntheses of Illisimonin A——Rychnovsky (2019) h ek
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Retrosynthetic Analysis

White-Chen
oxidation
illisimonin A
Me
O
o] Aldol
SCOtt D 1-5 condensation
+
Rychnovsky uzMe
Me = Me
1-6

Burns, A. S.; Rychnovsky, S. D. J. Am. Chem. Soc. 2019, 141, 13295-13300.

Semipinacol
rearrangement &
Hemiketal formation

FGI

Intramolecular
Diels-Alder reaction

yi
<

N\
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Total Syntheses of (+)-lllisimonin A——Rychnovsky (2019)

Construction of the 5/5/5 Skeleton

Me 0 ve O 4. LiAIH,
Me 1. K,CO3, BOMCI OHMe 3. DBU, Me,SiCl, OH 5. TBSCI, imidazole
O 2, LDA, then 1-6 . BOMO \ then HF-pyrldlne= BOMO = .Me 6.DMP .
0 51% (2 steps) Me 58% P 65% (3 steps)
Q COzMe Intramolecular MeOZE‘ Me
" = COxMe Diels-Alder
e Me
1-5 1-6 1-7 1-8 1-9
7. (NH AcOH
. (NH2)z, AcO Barton's
via via 8. 12, DBU method
72%
(2 steps)
Y

9. i-PrMgCl; n-BuLi;

1. TFA B 10. m-CPBA OH ~_ then DMF, NaBH,
57% ~ 83% (2 steps) Me
S gram-scale
TBSO Me Semipinacol Bouvealt
113 rearrangement 112 aldehyde synthesis 110
Burns, A. S.; Rychnovsky, S. D. J. Am. Chem. Soc. 2019, 141, 13295—-13300. 8



Total Synthesis of (+)-lllisimonin A——Rychnovsky (2019)

Other Attempts at Construction of C5-C6 bond

OH OH
-+Me AcCl, MeOH .Me AgClO,4, THF
> o
— AgBr
19 117 1-18
[ 7] o}
Me CO )\.O
OH 6 OH
~—~ 0]
» | HO" ~Me > Ve ~Me
Semiketal © M Retro-Claisen H >,
formation _e condensation Me
— int-4 = 1-19
Desired Undesired
product product

Total Synthesis of (+)-Illisimonin A

12. IBX 15. (+)-Fe(S,S)PDP, H,0,
13. Pinnick 14. HCI, MeOH MeCN/HFIP
41% (3 steps) 48%

White-Chen oxidation

Burns, A. S.; Rychnovsky, S. D. J. Am. Chem. Soc. 2019, 141, 13295—-13300.

(

+

Y EPE

FUDAN UNIVERSITY

)-illisimonin A
17 steps
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Structure Revision of (—)-1llisimonin A——Rychnovsky (2019)

H H
N _1-Naph N _1-Naph
HO 17. OCN___A-Naph © NP O ~ P
i : :
16. i-PrMgCl; n-BulLi; Me Ve O Me O Me
DMF, NaBH, OH 1-20 . Me
>  BOMO"- .«Me > OH
s Me ... -10BOM
TBSO—" e L,
M OTBS
1-10 (£)-1-11 1-21 1-22
39%, 91% ee 44%, 91% ee
21. TFA
22. PyBOP, DIPEA
18. LiAIH, DMAP, 1-23
19. m-CPBA 23. HF, H,0
1-21 . —
25% (3 steps)
24. LiAlH,4
25. m-CPBA 26. TFA
1-22

(=)-illisimonin A
19 steps
Matches CD spectrum

Burns, A. S.; Rychnovsky, S. D. J. Am. Chem. Soc. 2019, 141, 13295-13300. 10
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Retrosynthetic Analysis

L 0o White- Chen Me "2 oo,
OH oxidation . OH FGI .
HQ sy "“"I\Me ,) HQO ey, “iMe ,)
o o o A
Me Me
illisimonin A — — 2-1
; - OPG
via via /) Semipinacol
Me rearrangement
- int-1 - 2 04
Tandem Oxidation OPG
O . OH Nazarov-Ene Me_: 0 & Radical
g _ , cyclization , cyclization
(\ (\
2-5

Etling, C.; Tedesco, G.; Di Marco, A.; Kalesse, M. J. Am. Chem. Soc. 2023, 145, 7021-7029.

12



Total Syntheses of (—)-lllisimonin A——Kalesse (2023)

Construction of the Spirocyclic Framework

1. Zn(CN),, Ni(acac),
neocuproine, Mn
MeCN/H,0, 50 °C

2. TESOTHf, 2,6-lutidine 3. DIBAL-H
/2&“/\)\ CH,Cl,, 0 °C toluene, -78 °C
’ P
Z 59% (2 steps) 61%
2-6 decagram-scale 2-7 decagram-scale
_IVI\O -
\
O

via

- int-3 -
Air oxidation

9. KHMDS
then P(OEt)3, 02

8. then TESOTf
2, 6-lutidine, 0 °C

4. 2-bromopropene
t-Buli, Et,0, -78 °C

5. TABF, THF, 0 °C

6. IBX, CH,CIl,/DMSO

28% (2 steps)
gram-scale

2-10

Etling, C.; Tedesco, G.; Di Marco, A.; Kalesse, M. J. Am. Chem. Soc. 2023, 145, 7021-7029.

66% (3 steps)

decagram-scale

Ene cyclization

7. B(CgF5)3
toluene, r.t.

ETE

FUDAN UNIVERSITY

Nazarov
cyclization

13
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Total Syntheses of (—)-lllisimonin A——Kalesse (2023)

Preparation for Tricyclo[5.2.1.0°]decane Synthesis

H _TMS
0O i 0O
HO'V"%, OTES  10.2-12,2, 6-lutidine  ©~\ o M® 7 OTES  11.LDA 12. MeMgCl Ho. [0 ores
-+Me CH,Cl,, 0 °C \ -«Me THF, -30 °C MTBE,-12°C w7\ _[«Me
> 3 > > )
Si Cl ram-scale ram-scale
TI0” " N 9 g
2-11 2-12 213 2-14 215
Na [ ©
of,0_0 13. HCIO, 78%
cr THF/H,0 | gram-scale
00
o}
- 219 -
o '
~Si-Ph
Me 16. 2-19, 15-crown-5 Me 15. Ph,SiCl,, 14. DIBAL-H
..«Me trifluorotoluene CH,CI,, 0 °C to r.t. CH,Cl,, - 78 °C
- - -«
O 22% (63% brsm) Me 90% 84%
50% (4 cycles)
gram-scale
2-20 2-17 (x-ray) 2-16

Etling, C.; Tedesco, G.; Di Marco, A.; Kalesse, M. J. Am. Chem. Soc. 2023, 145, 7021-7029.

14



ETE

FUDAN UNIVERSITY

Total Syntheses of (—)-lllisimonin A——Kalesse (2023)

Evolution of C5-C7 Cyclization

2-21 2-20 (£)-2-24
Fe(acac Fe(acac . Mn(dpm)s, PhSiH .
Ph(SiH3 s Ph((OiPr))gin gj_fo'g'?’ 20 or F(e?ac)aSc)s, PhSiH, gg_%gg'z’ A
73% 46% ° No desired product °
o Ph o Ph o Ph
M -Q; -~ -~
“, OTES L O=Si~p, Wil OS"Ph Me O,S"Ph
H“. .\\Me O
7 HOw4 e HOw$ “Me HOm “Me
Me\\‘ 3‘ 5 \\\
OH Me" Me Me N o HO~"Ve
2-26 2-27 2-28 5-epi-2-29 2-29
Undesired C5 configuration Failed d.r. 1.5-1.6 ] 1

Etling, C.; Tedesco, G.; Di Marco, A.; Kalesse, M. J. Am. Chem. Soc. 2023, 145, 7021-7029.

15



Total Syntheses of (—)-lllisimonin A——Kalesse (2023)

EPE

FUDAN UNIVERSITY

17. m-CPBA, NaHCO; ™M©
CH2C|2, r.t.
' e
87% ©

2-20

27. (+)-Fe(PDP), H,0,
HFIP, MeCN, r.t.

33%

(=)-illisimonin A

A

6% 27. (+)-Fe(PDP), H,O,
(3 steps) HFIP, MeCN, r.t. \so HQO

2-36
OEproration of an Alternaive Route

ot
~Si-Ph

/
o}
oM

. 18.Cp,TiCl, Zn
THF, rt.

88%

€

Ph ph 19. TBSCI, imidazole

Me O~gi_,, Me O‘}S*il\Ph CH,Clo, r.t.
3 0 20. m-CPBA, NaHCO3
+ Ll -
HOn-7 “Me HO» 7 ""Me CHZC|2, r.t. .
HO— Me" 84% (2 steps) TBSO~—"
Me OH
2-29 5-epi-2-29 2-30
d.r. 1 : 1.6
21. SnCl, 36

24. IBX, DMSO, rt. CHyCly, -78 °C | ° 7
25. NaC|02, NaH2P04

2-methyl-2-butiene

acetone, r.t. 22  HF
26. AcCl, MeOH, r.t. MeCN, 0 °C

-

40% (3 steps) >95%
24 |1BX, DMSO, r.t.
25, NaC|02, NaH2PO4

2-methyl-2-butiene 23. HF

acetone, r.t. MeCN, r.t.

-
59%

16

Etling, C.; Tedesco, G.; Di Marco, A.; Kalesse, M. J. Am. Chem. Soc. 2023, 145, 7021-7029.
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Total Syntheses of (£)-1llisimonin A——Ming Yang (2023) ) h ek
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uUD,
L

Retrosynthetic Analysis

'e) Me O
Oxidation & Me S\ [u / o
Aldol condensation 9 Me Hemiketal formation
\) Holll \) O O
7 O O\ 7
Me
Me OPMP
illisimonin A 3-1 3.2

Retro-Dieckmann
condensation

Me Pd-catalyzed q
X y Me
\\/O\n/o 0O decarboxylative Reductive o
alkenylation Heck reaction
O 0 0
TfO j S < 5 4
Me
0 OPMP
3-5 3-3

Gong, X.; Huang, J.; Sun, X.; Chen, Z.; Yang, M. Angew. Chem. Int. Ed. 2023, 62, €202306367. 5



Total Syntheses of (+)-lllisimonin A——Ming Yang (2023)

Y EPE ;
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Preparation of the Key Intermediate

Me

X/OAC

3-7

1.3-7, K,CO,4
Pd(PPh3),

(0] OH 79%

Tsuji-Trost
3.6 allylation

8. KHMDS
PhNTf,

42%
Reductive
Heck reaction

M Me 3. K20$O4'2H20
e 2. Grubbs Il then NalO,
PTSA+H,0, CH(OEt), 4. NaClO,, NaH,PO,
ethylene glycol 5. TMSCHN,
: (o) o) :
0 98% [ j 72% (3 steps)
0 0
3-8 3-9
X
6. -BuOK, 3-11
a0y | then 2 M HC|
_ 3-11 83%

7. Pd,(dba)s
Xantphos, PMPOH

84%
Decarboxylative
alkenylation

Gong, X.; Huang, J.; Sun, X.; Chen, Z.; Yang, M. Angew. Chem. Int. Ed. 2023, 62, e202306367.
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Total Syntheses of (+)-lllisimonin A——Ming Yang (2023)

ETE

FUDAN UNIVERSITY

" \\r/OPMP

O

9. Pd(OAc),, P(MeS);
HCOONa

oTf 42%

Reductive

3-4 Heck reaction

Key structure
of MoOPH

Me 16. LiIHMDS, MoOPH

-
MeOn- 5
O\ 83%

Me
3-19

17. Jones reagent

[s)
3% then 2 M HCI N

18. TBD
45%

Me Aldol
3-20 reaction

Me

MeQ -,
o]

Me
3-18

3-21

o\

10. Co(acac),
PhSiH;, O,
70%
Mukaiyama
hydration

14. KHMDS, PhNTf,
Me 15. Pd(PPh;),Cl,, AlMe;,

78% (2 steps)

MeOﬁON 0O,

3-22
19. Fe(acac);
PhSiH3, 3-22
>

57%

Mukaiyama-type
hydration

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

OPMP

MeQ =,

3-14

Me
317

Me 10 (0]
6 (@]
11. DBU, 23 °C o u
then 4 M HCI o
-
75% Me
Retro-Dieckmann OPMP

condensation 3-15

55% |12. CAN

13. 4 M HCIl in dioxane

MeOH, CH(OMe)s; Me 0
PTSA<H,0, acetone 0
85% HO»-,
- (0]
Me 0 0O
Me
O 3-16
+
MeO o
HO Me
int-3 -

(x)-illisimonin A

20



Total Syntheses of (+)-lllisimonin A——Ming Yang (2023)

Evolution of Asymmetric Synthesis of Illisimonin

Pd(OAc), (10 mol%)

\\ OPMP
Me R
__0O

Ligand (10 mol%)
TBAB (2.0 equiv)

EPE

FUDAN UNIVERSITY

© EtsN (3.0 equiv) /> Entry [Pd] Ligand Temp [°C] Yield [%] ee [%]
o HCO,Na (2.0 equiv) O
[ OTf 1,4_dioxane Me ga sz(dba)3 L7 90 40 30
(e} OPMP
3-4 3-13 102 Pd,(dba)s L7 80 23 82
Entry [Pd] Ligand Temp [°C] Yield [%] ee [%] 11° Pdx(dba)s L7 70 10 60
1 Pd(OAc), L1 90 37 7 L3R
: = vie
0 L4: R = Et
2 Pd(OAC), L2 90 39 5 O Mo OOO :
M
™~ L5: R = —§—éeOH
3 Pd(OAc), L3 90 33 11 t-Bu o> : e
nllR
4 Pd(OAC), L4 90 32 20 OOO O 4 L6: R = CH,OH
t-Bu i%/\/OH
5 Pd(OAc), L5 90 30 50 L1: R = Me OOO LTR=-
L2: R = i-Pr TR = AN
6 Pd(OAGC), L6 90 31 43 L8:R =% OH
7 Pd(OAc), L7 90 23 60 [a] Reaction conditions: Pd,(dba)s (5 mol%) instead of Pd(OAc), (10 mol%)
8 Pd(OAc), L8 90 27 40

Gong, X.; Huang, J.; Sun, X.; Chen, Z.; Yang, M. Angew. Chem. Int. Ed. 2023, 62, €202306367.
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Total Syntheses of Illisimonin A——Mingji Dai (2025) ih 9 & %

Retrosynthetic Analysis

OH

Me, = ' O Selective Me, ’
OH Aldol reaction . oxidation . of 1 Me
HOne- “Me ,) ,) ROne.
o O 0 4
Me Me
(-)-illisimonin A 4-2

. RO
»\‘& 2 steps C5 homologation
(: (:
Me Me h H
0 O H” 0
(S)-carvone (4-5) 4-4 4-3

Xu, B.; Zhang, Z.; Dai, M. J. Am. Chem. Soc. 2025, 147, 17592—-17597.

23
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Total Syntheses of (—)-lllisimonin A——Mingji Dai (2025)

/\/Br
Me /4_6 Me H Me
H HO
,‘\‘I\ 1. LDA, 4-6, DMPU,THF 4.MeQ_ | _
2. Grubbs Il, CH,ClI, 3. H,0,, NaOH PPh3Cl
Me then DBU . Me 1 MeOH t-BuOK, THF Me W
O 67% (2 st o} 77% 91% H 0
(S)-carvone (4-5) b (2 steps) 4-4 Homologation 4-8
Ve CysP®,PY
|
via MeO .. 1 | '\ | via 5. t-BuOK, Mel, THF/DMF; 799
- tjj then NaBH,, MeOH °
Crabtree cat.
Y
O
" Me, 7. Oy, hv (427 nm), tpp MeO H Me
) O,\;' 8. KHMDS, TMSCI s Me CH,Cly, then PMes; 6. Crabtree cat.
. e __toluene MeOn., )OL <1520, DMAP, Et;N - THF
o 93% © o Me 89% 65% T A
M e
Me H Ireland-Claisen eH Schenck ene OH
4-12 rearrangement 4-11 reaction 4-9

Xu, B.; Zhang, Z.; Dai, M. J. Am. Chem. Soc. 2025, 147, 17592—17597.

24



Total Syntheses of (—)-lllisimonin A——Mingji Dai (2025)

Me OH

Me 9.Pd(OAc),, O,

MeOm,

NaOAc, DMSO>

o) 68%
Me H Pd-catalyzed
4-12 cyclization

16. Pd/C, H,
MeOH

84%

(-)-illisimonin A

(0]
Me
@)
MeOu,, "lMe
@)
Me H
4-13

Xu, B.; Zhang, Z.; Dai, M. J. Am. Chem. Soc. 2025, 147, 17592—17597.

O
10. hv (370 nm) Me
NayW 7035, TripSH @)
acetone/MeCN 5> MeOun, “IMe
45% + 12% SM @)
Olefin Me
isomerization 4-14

15. TBD, THF

61%
Aldol

condensation

ETE

11. Co(acac),, O, Me 0
PhSiH5, THF; OH
then toluene, 140 °C MeOn,, #

> Me
67% O ©
Mukaiyama Me
hydration 4-15
12. Ag,0, TBAI o
BnBr, neat 9%
13. LIHMDS
MoOPH, THF Me 2
14. CrO;, H,SO, OBn
MeOu,, 'I,M
acetone o o e
40% (2 steps)
Me
4-16

25
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Total Syntheses of (+)-lllisimonin A——Zhaohong Lu (2025)

Retrosynthetic Analysis

Oxa-Diels-Alder

|
© Me ’/X . . \.Me Me
jO Cyclization — pgo 2
n, )
O
e
- 3

cycloaddition

Biti 3 3t

Zhu, L.; Li, J.; Lu, Z. J. Am. Chem. Soc. 2025, 147, 23417-23421.

e i < & £

=
&
2 FUDAN UNIVERSITY

4115

M
5-
FG IH
Me
Q>Me |
O\“\\\
Me
5-4

27
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Construction of 5/5/5/5 Cage-Like Motif
Me O

(o) OH 2. Pyrrolidine
M Me 5-7 PhCOOH

o 9
e Me Me
|
HO 1. EDCI, DMAP_ Me 0 4A NS, 60°C A R
| - 1] > | w4 - -
5-5 -

75% 81% N > \
o) R N
Me

int-1 - 5-4
3. MeMgBr;
NEts, MsCl 32%
4. NIS, MeOH | (2 steps)

-78 °C
|
[ 6. Methylene blue Me Nye Me
0O,, hv 5. KF, 100 °C  MeOa
2 MeO,,,_ -«
73% o 73% o
Me Me
5-10 5-9 5-8
68% 7.Zn, AcOH
(2 steps) | 8. DBU
Me 9. Meli, LaCl3-2LiCl Me Me o
O 10. SOCI,, 2,6-lutidine Me 12. Methylene Blue s
MeO.,, 11. TsOH MeO.., O,, hv MeO.,,, SuMe
0 > o 2
i 30% (3 steps) o1
Me OH Me Me Me Me O
5-11 5-12 int-3 5-13 (x-ray) 5-14 (x-ray)

34% 18%

Zhu, L.; Li, J.; Lu, Z. J. Am. Chem. Soc. 2025, 147, 23417-23421.
28
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Construction of 5/5/5/5 Cage-Like Motif

13. MeMgBr;
Me NEt;, MsCl Me
14. NIS, BnOH
- ° . ° B O"\
78 °C . 15. KF, 100 °C . n
46% 38% o)
Me
5-16 5-17

16. Boc-NHOH
DMP, 50 °C
Y
Me Boc
NHBoc 18. Mo(CO)g
BnOu.. L H MeCN, 100 °C
- +
o] 72% (2 steps)
Me OH
5-21 519 Boc
17.50 °C 25%

49%

Zhu, L.; Li, J.; Lu, Z. J. Am. Chem. Soc. 2025, 147, 23417-23421.
29
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End Game

NHBoc 19. TFA

.“H

| ''Me

(¥)-illisimonin A

20. N32WO4, H202>

88%

24. Pd(OH),/C, H,

52% (2 steps)

Me

BnOn.,
@)

Me OH
5-22

Zhu, L.; Li, J.; Lu, Z. J. Am. Chem. Soc. 2025, 147, 23417-23421.

Me
NOH
21. TiCl3*HCI | BnOu
o)
Me OH
| int-5
Me
OH
1 "‘M
23. RuCls, Nalo,  2nO™ ©
- o)
Me OH
5-24

UNH/@

AL

ETE

{902 FUDAN UNIVERSITY

Me
0
22. MelLi, LaCly2LiCl  2NO™s
- o)
94%, > 20: 1 dr
Me OH
5-23

30
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1. Structural Reorganization Strategy

Rychnovsky
19 steps
HO
. Me, O
Semipinacol Me 1 A Intramolecular
rearrangement OH - Diels-Alder reaction. BOMO
\) BOMO||||7 "'Mei BOMO:! 'llMe \)
TBSO—"" ), MeO2G, Me
(-)-illisimonin A 6-1 6-2 6-3

Kalesse
28 steps
Tandem
Nazarov-Ene
cyclization

(-)-illisimonin A 6-8
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2. Annulation of Core Ring

Ming Yang
20 steps

Me S 0]

Mingji Dai Ho»-,
16 steps @)

(-)-illisimonin A

Me H 0

Zhaohong Lu HOw-,
14 steps O,

Me
(¥)-illisimonin A

Aldol reaction

Oxa-Diels-Alder
reaction

Me O, O
6 N2 Me Retro-Dieckmann
HO: - condensation
o o\
Me
6-9
Me O, O
61 OBn Se.lgc:_ive
oxidation
HO"'- ~"Me
o) O
Me
6-12

Cyclization

Reductive
Heck reaction .
>
7
Hemiketal
formation .
)

[6+2] YWe
cycloaddition |
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