Total Syntheses of Euphorbia Diterpenoids
Pepluanol A and Pepluacetal
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Euphorbia Diterpnoids

Euphorbia serrata

Euphorbia diterpenoids

« 750+ Congeners

« |Isolated from plants of the genus Euphorbia.
« Complex and distinctive carbon skeletons Ingenanes Myrsinanes

» Abroad spectrum of significant biological activities

Zhan, Z.-J.; Li, S.; Chu, W,; Yin, S. Nat. Prod. Rep. 2022, 39, 2132—-2174. Liang, Y.; An, L.; Shi, Z.; Zhang, X.; Xie, C.; Tuerhong, M.; Song, Z.; Ohizumi, Y.; Lee, D.; Shuai, 4
L.; et al. Nat. Prod. 2019, 82, 1634—1644.
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1. Introduction

Euphorbia Diterpnoids——Pepluanol Family
g Me
Me
O_ H H
@) —H
- H
\ 5 Me aiH OMe [ )n
Me H HMe OMe n=1or3
5/X/7/3 tetracyclic
skeleton

pepluanol A (1)

herb E. peplus (BEith$8)
In southwestern China

Biological Activity
» Effective inhibitory acitivity on the

Kv1.3 potassium channel
> Pepluanol B gave I1Cso value of 9.50 M Pepluanol B (3)

pepluanol D (5)

pepluanol C (4)

Wan, L.-S.; Nian, Y.; Ye, C.-J.; Shao, L.-D.; Peng, X.-R.; Geng,C.-A.; Zuo, Z.-L.; Li, X.-N.; Yang, J.; Zhou, M.; Qiu, M.-H. Org. Lett. 2016, 18, 2166—2169.
Wan, L.-S.; Nian, Y.; Peng, X.-R.; Shao, L.-D.; Li, X.-N.; Yang, J.; Zhou, M.; Qiu, M.-H. Org. Lett. 2018, 20, 3074—-3078.
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2. Total Sytheses of Pepluanol A and Pepluacetal

v Hanfeng Ding (2017, Pepluanol A)
v' Tanja Gaich (2021, Pepluanol A)
v Xuegong She (2024, Pepluactal)

v Yu Sun (2026, Pepluanol A and Pepluactal)



2.1. Pepluanol A——Ding (2017)
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Retrosynthetic Analysis
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cyclo-
regioselective propanatio
Grignard addition .
\) ,)
Dauben-Michno
oxidation
pepluanol A (1)
reductive
annulation
\ /
- o) NMe, _ o] lobal
M M g
Hanfeng Ding © ﬁ _ Diels—Alder ° _ functionalization
+ (\ (\
X
TBSO 0 {
BzO BzO
1-7 1-6

1-5

Xuan, J.; Liu, Z.; Zhu, A.; Rao, P.; Yu, L.; Ding, H. Angew. Chem., Int. Ed. 2017, 56, 8898—8901.



2.1. Pepluanol A——Ding (2017)

Construction of the 6/7 Bicyclic Skeleton
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NMe2
\ /
A Me Qe S e Z O e
a. TMSNs, I, pyridine | AN"znr 850"
CH,Cl, 110 1-6 “
> > >
88% b. Pd(dba),, P(o-furyl); c. 1-6, neat 0o

BzO BzO 1-10, DMF then HCI, THF H

74% Bz0 83% BzO
18 19 17 15

Negishi cross—coupling Diels—Alder reaction

d. KHMDS, PhNTf,, THF
e. Cul, MeMgBr, THF

72% (2 steps)

Lemieux—Johnson /
oxidation
f. NaOMe, MeOH (@) Me
i. OsOy, NalOy4 g. Oxone, NaHCO;,
2, 6-lutidine h. PPh,, DEAD, THF acetone/H,0 Oo
1,4-dioxane/H,0 67% 58% (2 steps) Me <
70% TH
BzO
1-4 1-13 1-12 1-11



2.1. Pepluanol A——Ding (2017)

Optimization on the reductive annulation

Entry

© o0 ~N o B~ w DN

OH

@) Reagent
Solvent, T
(0]

1-4a

Reagent
Sml,/HMPA
nBu,SnH/AIBN
nBusSnH/Et;B/O,
Cp,TiCl,/Mn
Cp,TiCl,/Zn
Cp,TiCl,/Zn
Cp,TiCl,/Zn/DIPEA
Cp,TiCl,/Zn/collidine HCI

- O

‘\/\

OH

1-4b

Solvent

THF

benzene

toluene

THF
THF
THF
THF
THF

T [*C]

25
80
25
25
25
0
25
25
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Yield [%] (d.r.)

52 (> 20:1)
33 (1.3:1)
<5 ()
83 (1.5:1)
88 (1.5:1)
87 (1.5:1)
85 (1.5:1)
95 (1.5:1)
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2.1. Pepluanol A——Ding (2017)

End game

H oH

J- CpoTiCly, Zn k. TEBAC, NaOH (aq.)/CHBr3 I. TEMPO,TBAC, NCS

2,4,6-collidine-HCI, THF
91% (1:1 d.r. at C3)

Me then Me,Cu(SCN)Li,, HMPA
Mel, Etzo

44% (1:1 d.r. at C3)

NaHCO3, CH,Cl,/H,0
95%

1-3

m. TMSOTY, Et;N, CH,Cl,

then Pd(OAc),, MeCN 86%

Saegusa oxidation

Dauben-Michno
oxidation

0. PCC, NaOAc, SiO,, CH,Cl, n. MeMgBr, toluene

then HCI (aq.) C30a/B-OH = 5:1

59% (2 steps)

X-ray of 3
C30-OH isomer pepluanol A (1) |

10



2.1. Pepluanol A——Gaich (2021) fﬁﬂk%

Retrosynthetic Analysis

H
late—stage intramolecular
functionalization . HO Diels—Alder
N >
7 /7
Me
M': H
(+)-pepluanol A (1) e 2.1 0.2
Nozaki-Hayama—-Kishi  “
reaction
Cyclopropanation Me
Me., [) Me.. ling expansion M. Me
N Me . @Me . g p
< 24
M < Me
o e TBSO N 0
2-6 2-5 Br
Baran's intermediate 23
+
Sp2

- - SQ Stork-Zhao olefination
Tanja Gaich U <« \U ¢
'\é/le Negishi coupling

2-8

11
Yuan, P.; Gerlinger, C. K. G.; Herberger, J.; Gaich, T. J. Am. Chem. Soc. 2021, 143, 11934—11938.



2.1. Pepluanol A——Gaich (2021)

Preparation of Building Blocks

A

(+)-carene

Br OH

zlll
(¢

2-8

a'. KHMDS, TBSOTf

Me,,,
Me 3 steps ) Me
—_—
Me Me
@)

2-6
Baran's intermediate

a. TEA, TMSCI, THF

then n-BulLi, 1,3-dithiane
ot
then TBAF
OH

84% H

THF
90%

Parikh—-Doering
oxidation

b. SO5*Py, TEA
DMSO/DCM = 1/4

¢. ICH,PPhsl, NaHMDS
DMPU, THF

76% (2 steps, 100:1 Z/E)

Stork—-Zhao olefination

Me 4,

b'. CHBrj3, t-BuOK, PE

r
then Ag,0O, HBF,

EtOH
82%

Negishi coupling

d. IsopropenylMgBr
ZnBr,, Pd(PPhs),, THF

e. Mel, CaCO3
Me,CO/H,0O

70% (2 steps)
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Me
Me

Br
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2.1. Pepluanol A——Gaich (2021)

Convergent Total Synthesis of Pepluanol A

NHK reaction Diels—-Alder

Me reaction
Me.,,, Me
f. NiCl,, CrCl,, DMF g. TESCI, DBU, o-xylene
+ o >
(0] 150 °C, o.n.
Br
2.3 2.4 2-2a: R'=Me; R2=H 42%
2-2b: R'=H; RZ2 = Me 21%
then LDA .
then AcOH, TBAF | 48%
Me Saegusa-ito
oxidation

Riley oxidation o i. LITMP, TMSCI, THF

J- Se0,, 1,4-dioxane then Pd,(dba);

- -«
37% (brsm 52%) allylmethylcarbonate
: Me

MeCN
96%

h. PCC, basic Al,O3

DCM
77%

(+)-pepluanol A (1)



3. Pepluacetal——She (2024)
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Retrosynthetic Analysis

Me

H
\ 5 -lllH OMe
:

g Me OMe

Pepluacetal (2)

Xuegong She

late—stage
functionalization

Liu, M.; Wu, C.; Xie, X.; Li, H.; She, X.

pvo H

Angew. Chem., Int. Ed. 2024, 63, No. e202400943.

ey transannular
-.H_—— C(sp®-H insertion

carbenoid
formation

cyclopropanation

T

3-3

14



3. Pepluacetal —— She (2024)
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Investigation of the Wolff Rearrangement
O - —
JW
3 O
a. TMSOTT, Et;N c. p-ABSA, DBU
> >
b. TBAF, 3-8 H 89% B
64% (2 steps, 3:2 d.r.) pmo M pMBo
3-9 0
Mukaiyama Aldol
reaction

d". hv, Et;N, MeOH

3-1
d. hv, Et;N, CH,CI, Wolff rearrangement
65% (> 20:1 d.r.)

[w/o EtsN trace 3-14]
-

\ 11-/(\
O/H\y//o HO
Cyclization : &

COzMe
Et;N 8

80% (> 20:1 d.r.)

T

PMBO

3-12

15



3. Pepluacetal —— She (2024)
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Construction of the Tetracyclic intermediate

e. DIBAL-H
>

f. PPhzMeBr, t-BuOK

32% for 3-15a
48% for 3-15b

Me Me

MomMo, Me H Momo, Me H
H k. DDQ

H
-/
S m. MOMPPh;CI, t-BuOK H I. DMP

| C

-
n. CI3CCO,H : 82% (2 steps)

96% (1:1 d.r.) 0

-

T
T

OHC

3-20 3-19

HO
RCM [
g. Grubbs I —
=
98% for 3-15a H
1)
96% for 3-15b pMBO 1
i NaBH, L—3» 3.16b: C14p-OH
69%
h. MOMBI’, TBAI 96%
DIPEA
Me cyclopropanation Y
momo, Me H MOMO, .
5 H i. CHBr3, TEBAC, NaOH
[ j. MeLi, Cul then Mel H
-
; 65% (2 steps) E
- pMBO 1
3-18 3-17

16



ETE

FUDAN UNIVERSITY

3. Pepluacetal —— She (2024)

Installation of the side chain

Pinnick
Me . . Me
Me oxidation y
Me momo, Me H Momo, Me H Momo, Me
MOMO H " ”
K H J p. NaClO,,NaH,PO, -
[~ o. Mel, t-BuOK ~ H _ o )
H > 2-methyl-2-butene r. Rhy(OAG),
3 78% (> 20:1 d.r.) 3 q. Ghosez's reagent —O
z Me g then TMSCHN, Me g 90% (> 20:1 d.r.) Me
H OHC 73% (2 steps)
oRe yi hviati O N, Trgnsannular
iazome ation —H i i
3-20 3-21 y 3.22 C(sp®)-H insertion 3.23
Cl
Me =~
WANMGZ I
Me
Ghosez's reagent
Me Me Baeyer-Villier
oxidation
Ho. Me H Momo, Me H
H
] s. mCPBA, NaHCO,
—H v. H,80, u. Pd/C, H, t. LIHMDS, (Me,NCH,)*I
N\ _—L., MeOH , . _
I\ H oMe 599 94% (> 20:1 d.r.) Ve i m-CPBA
Me Me‘: 75% (3 steps)
© o Eschenmoser methylenation
3-24 X-ray of 3-23




3. Pepluacetal —— She (2024)
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End Game
Me
Ho, Me H
] H
~a H
w. DABAL-H
\ = '"H >
E OMe x. DMP
H R
Me M 75% (2 steps)
(0]
3-26

g

PMBO

Lipase
———» (+)-3-6

Me Me Me
Me
ol —H o, Me H O phe H
_/H 13 5 H 13 /5 H
y. NHCLMeOH H z. LIHMDS, Mel o
N\ — \ > N\
F H 4 75% : “H 96% : ""H
g \ H OMe 2 OMe
Me N L H ¢
Mé Me =\ Me " ue
O OMe OMe
3-27 3-28 3-29
aa. LDA, AcOH | 67%
Me allylic oxidation Me
Me M
o. H H ab. CrO, o N H
(@) —H 3,5-dimethylpyrazole 13 H
|~ -€ 1 of
' 1 ' H :
Me 64% Me
P ay OMe ° N\ OMe
Aoy
Me Me OMe Me H Me OMe
3-30

(+)-3-9

Pepluacetal (2)



2.5. Pepluanol A and Pepluacetal —— Sun (2026)

ETE

FUDAN UNIVERSITY

Retrosynthetic Analysis
late—stage [4+2] type
functionalization Diels-Alder reaction
/) ,)
ene-reaction
Morita—Baylis—Hillman s
I A (1 - - 4-2
et A () reaction HWE
U reaction
0
Me.,, Ve Me., Me ozonolysis MeO Me
L}Me ¢ e & v e
(0) MeO |
0
4-7 4-6 4-5
Baran's intermediate
Morita—Baylis—Hillman
reaction
M
Me y e S o
Me e *
Yu Sun N i late—stage N <L H [2+2] type Me
JH functionalization . [h photocycloaddition Me
- > e > e
\ - Me aiH OMe = H Me
: Ay
Me H Me OMe Me Me OTBDPS speTO” Juilia olefination
4-3 4-4
19

Pepluacetal (2)

Qiu, D.; Zhao, Z,; Liu, L.; Xie, Z.; Lin, H.-W.; Huang, L.-Z.; Yang, F.; Sun, Y. J.

Am. Chem. Soc. 2026, 148, 11479-11484.



2.5. Pepluanol A and Pepluacetal —— Sun (2026)
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Total synthesis of Pepluanol A
0
o Y\PO(OMe)Z MeO Me
Me b. O

Me,,, . M 3 Me Me Me

J/i:[><|v|e a. KHMDS, MeOTf J;>< e then PPh, MeO Me 5.8 |

r Me Me Me
o Me MeO c. n-BuLi, HMPA X
54% (2 steps) |
o) 89% (>98:2 E/Z) Me
‘_"7 _ 4-6 4-5 HWE reaction 4-9
Baran's intermediate
d. DIBAL-H 93%
0
é 0

Diels-Alder Me 1 H Me
reaction - - Me Me

e. 4-11, PBuj |

63% (>98:2 d.r.) then DMP XX
MBH reaction Me
4-2 4-2 4-10
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2.5. Pepluanol A and Pepluacetal —— Sun (2026)

End game

W

a. TMSOTf
then Pd(OAc),, CaCO, a. blue LED (450 nm) (e)
> +
81% Ir(dtobpy)(ppy)2PFe
o 0,, CD;CN
Saegusa oxidation then PPh;
. Me
photoinduced epluanol A (1)
B ] ene oxidation pep
24%
Co(Salen’Bu,'Bu)ClI
PhSiH,
Hom H
N N— 84%
N/
PN HAT-promoted
— - t-Bu O ¢ O t-Bu alkene isomerization
t-Bu t-Bu

Co(SalenBu,'Bu)ClI

21
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2.5. Pepluanol A and Pepluacetal —— Sun (2026)

Total synthesis of Pepluacetal

-N, 0
\ — J—
Me,". /lN/N O
o] //S\\ \
O O Ph H Me
MeO Me TBDPSO 413 Me Me Me 411 0]
Me Me * LIHMDS, 4-13 >~ M >
| ¢’ LIHMDS, 4- e, e’ PBug, 4-11
o d". DIBAL-H then PDC
82% (8:1 El .
2% 81 82) TBDPSO MBH reaction
4.5 Julia-Kocienski 4-14 J1eopPs
olefination
— 4-4 4-4 f—
[2+2] 47%
photocycloaddition 349 \m (>98:2 d.r.)
Me Me Me Me
Me Me Me o} Ms
O H H NN —H O H H Saegusa oxidation G\ " H
(o) —H < O 7 H
H i", TSOH*H,0 L h'. DMP H g" TMSOTf
Me - Me -~ Mo
N\_A+—LewH OMe 91% \_1—H 94% N e Y then Pd(OAc),, CaCOj :
. ¥ : HF+Py :Oh
H H H H \ H Mé H
Me Me OMe Me Me O Me H e OH 86% Me OTBDPS
Pepluacetal (3) 4-16 4-15 4-3
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Antipulmonary fibrosis activity of Pepluanol diterpenoids and derivatives
Me
pepluacetal (2) (uM) - - 5 20 80
Me E
O  H H TGF-i1 - + + + +
0 <—H
H Fibronectn | N S— 262 kDa
Ve

N\ : wH  OMe

ul A H (T wSMA | S —— - 0
>20 s AT | |

K= 11.78 uM
1%0
? " e - o
» w4 S T
e 1 U
& H H ; 0 L T T T "
Q 7 H ] ¥ 4« o 0 1
Ve 50 pepluacetal (2)
wd HH e b me " HTL otepps
4-16 4-15 4-3
>20 uM 3.6 UM 6.5 uM 23
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3. Summary
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Hanfeng Ding (2017): 22 steps 5 Tanja Gaich (2021): 10 steps

reductive intramolecular
annulation Diels-Alder
> >
Xuegong She (2024) : 27 steps Yu Sun (2026)

; [2+2] type

Me ; Me photocycloaddition Me
Me E H

\/r\ e ) o E 0

NG > =t

l\'/ie|

= Me
Me \ [4+2] type

Me OTBDPS
Diels-Alder reaction
10 steps 12 steps

25



Thanks for your
kind attention

26



