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Background
Represented skeleton of Euphorbia diterpenoids
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Euphorbialoid A

Masayuki Inoue, 2024 Xuegong She. et. al. Angew. Chem. Int. Ed. 2024, 63, €202400943

Masayuki Inoue. et. al. J. Am. Chem. Soc. 2024, 146, 34221
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Background

Proposed biosynthesis:
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—_—
H

tigliane Pedrolane

Pedrolane family was isolated in 2021.

Maria-José U. Ferreira. et. al.
Org. Lett. 2021, 23, 274

Euphorbia pedroi
AERIZREY

Structural features:

Unprecedented skeleton: pedrolane

|5-5-5-6-6-3] hexacyclic core; bicyclo[2.2.1]heptane
12 contiguous stereocenters; 3 quaternary carbon
Highly oxygenated

Total synthesis: Erick M. Carriera (2023); Bo Liu
(2024); Chuang-chuang Li (2024)

Pedrolide

Chuang-Chuang Li. et. al. J. Am. Chem. Soc. 2024, 146, 2928 4



Background: Previous synthesis studies
Erick M. Carriera’s synthesis towards Pedrolide:
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WOR Diels-Alder
cycloaddition
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Pedrolide 11 1-2 1-3 1-4

Unmasking

Key transformation:
y Cyclopentadiene

N=N
.OTES A’_<\N_ N/>_Ar

N,
0 MeOH, 0 °C, 56% Retro
Diels-Alder Diels-Alder

Diels-Alder
—

Completion the formation
of bycyclo[2.2.1]heptane

Erick M. Carriera. et. al. J. Am. Chem. Soc. 2023, 145,8332 5



Background: Previous synthesis studies
Bo Liu’s bio-inspired synthesis towards Pedrolide:

Synthetic strategy consideration
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Bo Liu. et. al. Angew. Chem. Int. Ed. 2024, 63, €202409997



Total synthesis towards Pedrolide
Chuang-Chuang Li’s work: Retrosynthetic analysis
Diels-Alder
cycloaddition
Successive & method
condensation

bicyclo[2.2.1]heptane Highly rigid

carbon skeleton

1,3-dipolar
cycloaddition

Epoxide- 0
FGI . opening Crotylation N (o)
— BnO : > Allylation ~ _/<
Cyclopropanation RCM o aCOOMe ylation o OMe
2 Me
Ve 5.2 23

0O
Enantioselective / Intramolecular
£ ene reaction W|tt|g OMe . Diels-Alder
\ (\
PMP PMP COOMe

Chuang-Chuang Li. et. al. J. Am. Chem. Soc. 2024, 146, 2928 /




Total synthesis towards Pedrolide

Chuang-Chuang Li’s work: Construction the bicyclo[2.2.1]heptane

The enantioselective ene reaction & Intramolecular
Diels-Alder cycloaddition sequence

COOMe COOMe |

o =0 T =0 =0 ] o §
N
| @ C I R R J\éppm
Km > R | Isomerization 3 3 MeO - IMDA

+
MeOH —~ —R —R
p N .
2.7 ene reaction - 2.9 | 2410 2-1 _ L : : -

3 + o
\ \ toluene
cat. (10 mol%), acid
PM
Enantioselective
Thermodynamically 2-12 2-13 PMP
R = PMP, -§—®—0Me more stable
cat:
[ S OTMS COOMe
N /<Ph 214

H Ph

acid: |
O,N OH | + @ cat. acid, PhsP=CHCOOMe
2 One pot, 54%, ~50 g scale

Chuang-Chuang Li. et. al. J. Am. Chem. Soc. 2024, 146, 2928 8



Total synthesis towards Pedrolide
About the enantioselective Ene reaction

We all know that:

. J

Chemistry of carbocation
David W. MacMillan

But as an early attempt:

™ 4 . A
[ I minium catalyst Enamine catalyst
?@% Additions of: Z N 5
N~ malonate ester / nitroalkanes / N
)I\/ aromatics / silyloxy furans )\/
R Diels-Alder / Dipolar cycloaddition R F

Chemistry of carbanion
Benjemin List

Mei-Xiang Wang, Shuo Tong. Advanced Organic Chemistry
Lecture. Tsinghua. Univ. 2024

NO,

5 mol% OACOOR O Me

y 0
CHCls, rt, 74% Me 68% ee

Me Me
2-17

Masahiko Yamaguchi. et. al. J. Org. Chem. 1996, 16, 3520 9



: do adduct
\)LH + //_\—X > H endo adduc

Total synthesis towards Pedrolide
The enantioselective Ene reaction

Macmillan catalyst:

r ~
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Jvie y
)‘\‘ * H N Me N Me
N Me | Pph | ph H Me
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o enhance the stereoselectivity
iminium salt

(o) Me
Modification of the traditional Macmillan catalyst:

r3‘\“Me
4 )
N Me R o cat:
o Pph 1 I [ ). oTms
HCI . /<
MeOH+H,0, H pn Ph

rt, 12-24 h X N /

2-18 2-19 Make the Ene reaction
stereocontrollable

David W. C. Macmillan. et. al. J. Am. Chem. Soc. 2002, 124, 1172
Yujiro Hayashi. et. al. Chem. Eur. J. 2015, 21, 12337 10



Total synthesis towards Pedrolide

The enantioselective ene reaction
Proposed reaction pathway & T.S.:

bquy group R3S|\
R3S|\
o
g G M
Si face
favored
Si-face approach Sterlcally preferable
Favored
Isomerization:
Wittig
\ AG” = -1.36 kcal/mol \ AG” = -0.35 kcal/mol __ IMDA Q
~ 0 =
O O O 2o 4
COOMe
0 10 1 2-14

Calculation level: rev-DSDPBEP86-D3(BJ)/def2TZVPP//B3LYP-D3(BJ)-def2SVP
Yujiro Hayashi. et. al. Chem. Eur. J. 2015, 21, 12337 11



Total synthesis towards Pedrolide
Chuang-Chuang Li’s work: Cyclization & lactonization

PMP PMP m-CPBA, CCly; COOH 4 pcc, m-cPBA
LDA, Mel o then RuCl;, NalO,4 0 DCE, 80 °C, then
THF, -78 °C, 82% _/( MeCN, H,0 - K,CO3, MeOH
d d OMe 68%, 100 g scale OMe 2. Ley oxidation
Soom Vo Me 42% for 2 steps
e
2.14 2.15 2.16 Carboxyl inversion
Me / v
o) KHMDS, allyl iodide; 0
HO,,, Ié BF;*OEt,, DCM Ié then KHMDS, CPME
-50 °C, 85% < 1%, 10 g scale o
2COOMe — 2COOMe _/(
o) /\) o : o OMe
e Me V
HG Il (5 mol%) Me Me
DCM, 40 °C, 81%  2-19 2-18 217

Y

Me.,
.

LiCuMez, Etzo,
then NaH, BnBr, THF
75 %, 10 g scale

BnO

2-21
> 80 g produced

Chuang-Chuang Li. et. al. J. Am.

Chem. Soc. 2024, 146, 292812



Total synthesis towards Pedrolide

Chuang-Chuang Li’s work: Mechanism & Selectivity

Enolate alkylation & Epoxidation:

— ClI
O
ﬁ{ . =y
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OMe h
COOMe Me H—
\
2-14 2.5 H Me
Sterlcally favored sinale isomer |
No torsional strain 9
Carboxyl inversion reaction:
COOH /\ N\ /O urea
(o]
N= =N ° o H
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Me Me 4
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_« Ley OX|dat|on J( Me HydronS|s ‘« _«O 1,2-shift
o =
Me o : OMe
217

Anhydride
2-16-5

Me
2-16-4

Stereoselevtive
epoxidation

peroxide

Norman Sherman. et.
al. J. Org. Chem. 1965,
30, 3760

13



Total synthesis towards Pedrolide
Chuang-Chuang Li’s work: Cyclopropanation

OTES

N2H4'H20, Pb(OAC)4, hv
\NZ

7< >

Paul. A. Wender's protocol

Me
Ph \(g))\Me

Ph LDA, -78 °C
>& >
Paul. A. Wender's protocol

Endeavor to the
cyclopropane ring:

TFAA, DMAP; Zn, AcOH
ACZO; NEt3
\/
7< >

Phil S. Baran's protocol

Chuang-Chuang Li. et. al. J. Am. Chem. Soc. 2024, 146, 292814



Total synthesis towards Pedrolide
Cyclopropanation studies: Maybe a tough road !

Me cyclase phase o
Me —
Me

(+)-3-carene

H+

then Sc(OTf);

—

[~ HO mMe .

Et;N

Oxidative phase

\

FGI

2-27 -~

(+)-Phorbol
19 step in total

Phil S. Baran. et. al. Nature. 2016, 532,90 15



Total synthesis towards Pedrolide
Cyclopropanation studies: Maybe “less is more” !

base-catalysed o elimination of HCI from chloroform

three electron- loss of CI™ from
withdrawing Cl atoms carbanion forms
C{\ _D /CI (:C| the carbene /Cl
HO H—C—CI o @C—CI = :C dichlorocarbene
A7 N\ N\ \
| Cl Cl Cl
Nucleophilic Ambiphilic Electrophilic
:C(OCH3), :C(OCH,)CI :CCl, Heteroatoms, such as halogen,
oxygen, nitrogen, act as pi-electron
:C(OCH3;)NMe, :C(OCH,)F :CCH;CI donor, which elevate the p-orbital
energy in carbene, making these
:C(SR), ‘CPhCI carbene prefer singlet.
:C(SPr-n), :C(Br)CO,Et

Bo Wang. Organic Chemistry(T) Lecture. Jilin. Univ. 2021

Mei-Xiang Wang, Shuo Tong. Advanced Organic Chemistry
Lecture. Tsinghua. Univ. 2024
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Total synthesis towards Pedrolide
Chuang-Chuang Li’s work: Achieve the synthesis

OH

K,0s04°2H,0 KHMDS, DIPEA ) oMOM

NMO, THF-H,0 MOMBr, HMPA, THF
BnO then TEMPO, KBr -78 °C to -30 °C, 60%

s NaClO, NaHCO; BnO 1. NaOt-Bu, CHBr;
Me Me DCM, 0 °C, 85% 4 g scale PE, 0 °C;
2. LiCuMe,, HMPA
2-21 Et,0, -20 °C;
then Mel

40% for 2 steps

K,CO3, MeOH, quant.

/ Me
o
OH V\Me
isobutyryl chloride

~0 NEt,;, DCM, 43 °C

[Nome _  2324=1:

77% for 3 cycles

3N HCI, THF
45 °C, 87%

BnO

2-41

BzOTf, Py, DCM
60 °C, 83%

Pd/C, H,, EtOH;
then DMP, DCM, 86%>

BnO

Pedrolide
>200 mg produced

Chuang-Chuang Li. et. al. J. Am. Chem. Soc. 2024, 146, 292817




Summary
Erick M. Carriera’s work: Late-stage IMDA reaction

Successive
wOR DA-retroDA
A Me cascade N
7
H Me
Pedrolide 1-1 1-2 1-3 1-4

Chuang-Chuang Li’s work: Early-stage IMDA reaction

Epoxide- 2
FGI . opening Crotylation N (o)
- ,) BnO RCM aCOOM AIIyIatlon ’ 4
Cyclopropanation 0 ] e 0 : OMe
l\-IIe Me

(0]
Enantioselective / Intramolecular
p ene reaction W|tt|g OMe Diels-Alder
\ (\
PMP COOMe
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Complement
Erick M. Carriera’s work: First total synthesis of Pedrolide

Me
OH o lo) Me
1. BAIB, 74% TMSOTf, m-CPBA 1. TESOTf TESO, 4—Me
; HO HO . TESO
2. Cu(l), ZnMe,, 62% TBAF, 45% 1. BrMg 2. Fe(acac);, PhSiH;
_—
> . B 2. NH,CI, 59% - 94% for 2 steps
Me” R Me" R for 2 steps Me® Me
OH MeO OMe MeO OMe MeO OMe o)

8. TMSCI
9. MeLi, TMSOTHf,

TBSO/Y§0 78% for 2 steps

Me

1. Late-stage IMDA Li

A _<N=N>_A OTES 1. TEMPO

r r 10.
\S/ _\OTES . 2. MsClI ;
- N—N - 46% for 2 steps -
2. m-CPBA o 11. TBAF, 64%
45% for 2 steps for 2 steps

1. LiCuMe,
2. DMP

1. Py-HF
2. i-Prcocl

43% for 2 steps

Pedrolide
1.7 mg produced
0.12% overall yield

Bz,0, 45%

Erick M. Carriera. et. al. J. Am. Chem. Soc. 2023, 145, 8332



Complement

Bo Liu’s work: Bioinspired synthesis of Pedrolide & Euphordraculoate A

o OH OTES

1. LIHMDS, TMSCI, THF;

OTES
Yb(OTf);, HCHO, 65%

1. LiTMP, Et,AICI,

LDA, HBpin OH TESCI, NEt; OTES OTES
THF, -78°Ctort _ O J DCM, 0 to 65 °C o < DCM, -78 to 0 °C, quant. 8 2. DBU, THF, 10 °C, 68%
then NaOH, H,0, . 75% R 2. RhCI(PPh;);, Hp, DCM™
rt, 79% then DMP, 92% o
two steps from
(+)-carvone
OPh
EtO i _OPh OTES MI
P o” o
B 0O O __ DMP, DCM, rt, 76% - \/
" DBU, Nal, THF ‘ ~  i-PrMgClI, LiCl
-78 °C THF, 0 °C, 75% ;
SOoH

75% + 13% E-isomer

1. HF, NEt;, MeCN (2. i-PrCOCI, DIPEA, DCM, -10 °C;
0 °C to rt; | 3. BzCl, NEt;, DCM, 80 °C

OBz
OCOi-Pr
< TMSOTf, 4 AMS

CHCI;3, 0 °C, 77%

or TMSOTY, (CH,0TMS),
DCM, 0 °C, 66%

Eu(fod);
toluene, 150 °C
63% (80% brsm)

Pedrolide

OBz
0COi-Pr

(o)
Tmsoz OBzY\

I Nazarov @_
(g/ cyclization (0]
_——

1. NaBH,, CeCl3*7H,0
MeOH/DCM, -60 °C
2. NaH, THF, rt

3. TPAP, NMO, 4 A MS
DCM, rt

Euphordraculoate A

Bo Liu. et. al. Angew. Chem. Int. Ed. 2024, 63, €202409997

21



