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Introduction of Prof. Baudoin

1995 B.S. @ National Graduate School of
Chemistry, Paris

1999 Ph.D @ College de France
(Prof. Jean-Marie Lehn)

1999 Postdoctoral @ Scripps Research Institute
(Prof. K. C. Nicolaou)

1999 Group leader @ Institut de Chimie des
Substances Naturelles

2006 Professor @ Claude Bernard University Lyon 1

2015 Professor @ The University of Basel

Research Topics
‘Intermolecular C-H activation
Migratory cross-couplings involving metal chain or ring-walking

1) https://baudoin.chemie.unibas.ch/en/group-members/olivier-baudoin/ 3
2) https://baudoin.chemie.unibas.ch/en/research/



(-)-Epicoccin G and (-)-Rostratin A

Isolation: Epicoccum nigrum
Biological activity: anti-HIV-1 activity in C8166 cells
Structural features: C, symmetry, cis,cis ring junction

Total synthesis: Nicolaou (2011), Baudoin (2019)

Isolation: Exserohilum rostratum

Biological activity: cytotoxicity against human colon
carcinoma HTC-116

Structural features: C, symmetry, trans,trans ring junction,
disulfide

(-)-rostratin A Total synthesis: Baudoin (2019)

1) Guo, H.; Sun, B.; Gao, H.; Chen, X,; Liu, S.; Yao, X.; Liu, X.; Che, Y. J. Nat. Prod. 2009, 72, 2115

2) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc. 2011, 133, 8150
3) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779

4) Tan, R. X.; Jensen, P. R.; Williams, P. G.; Fenical, W. J. Nat. Prod. 2004. 67, 1374 4



Synthetic Route of Both Group

Nicolaou’s group H C ring

(o)
CO-H construction;
----- > B/D CO,Me -----3
NHBoc B(D) rin:q o N sulfuration
HO construction H Boc 4

’

Baudoin’s group

c |l L. o----- >
oN OoTf .
* B,D ring
construction

(-)-rostratin A

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc. 2011, 133, 8150
2) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779
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Retrosynthetic Analysis (Nicolaou’s Group)

0,, hyv;
DelLaMare
rearrangement H

(-)-epicoccin G

AB(DE) ring H o
CO,H construction dimerization
<:I @ B/D N CO,Me <:|
NHBoc ot -
HO HO ) Noc

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc. 2011, 133, 8150
2) Wipf, P.; Kim, Y. Tetrahedron Lett. 1992, 33, 5477



Synthesis of AB(DE) Ring

CO,H 7 OH
2 Phi(OAc),, MeOH o) NaHCO3;, MeOH
—_— NHBoc —>» CO,Me
NHBoc 68% 75% N
HO 0 B
H oC
(o)
(o)
Ac,0, Et;N, DMAP Zn, AcOH
—_— CcCoOo,Me —>» CO,Me
CH,Cl, 0 N MeOH, 65 °C 0 N
H Boc H Boc
H NaBH,
DBU CeCl3-7H,0
—_— CO,Me —mm» B/D CO,Me
toluene, 65 °C o N MeOH N
51% (3 steps) H Boc 0 °C, 92% H Boc

1) Wipf, P.; Kim, Y. Tetrahedron Lett. 1992, 33, 5477
2) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc.
2011, 133, 8150



Dimerization

H H
TFA /| CH,CI,
B CO,Me B CO,Me —
R N 99% o
HO & Boc HO 4
BOP-CI, Et;N
CH,Cl,
H H 86%
aq. LiOH / THF (o)
HO‘\\ E 99% HO“‘ N O I 0
H ocC H Boc Cl
o (o)
BOP-CI
H
OH
D H N TFA /| CH,Cly;
18 y
HO' N 0 _
MeO,C 272 DMAP, MeCN
H 77% N 69,)"/
RO R=COCF; = °

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc.
2011, 133, 8150



Pd Catalyzed Diacylation

OCOCF,

Pd(PPh3), (cat.)

K2C03 (21 eq)

v

dioxane, 65 °C
69%

F3COCO OCOCF;

,Pd"
O OCOCF;
OCOCF3 formation of '71

Pd'
m-allyl complex

. - .PdO
OCOCF3

H B-hydride

/ elimination
F;COCO—p(l!
:\/

reductive l @
1/2 K,CO4 m F4COCO._
CF3;CO,K <«——— TFA JPd' 7
H

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc.
2011, 133, 8150




Sulfuration

Sg (8 eq.)
NaN(TMS), (5 eq.)

THF

(x=2~7)
(dr 1.4:1)
0
NaBH, H
THF / MeOH; H N
+
Mel N
53% (3 steps) H
(0]
1.4:1 undesired

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc.
2011, 133, 8150



Mechanism of Sulfuration (1)

AT
S S NaN(TMS), (0.6 M in toluene, 3 eq.) S S S S ™S
| | > Nas” Vs”1iNs” I s USNT
S\ /S THF, 25 °C, 5 min |
S—S TMS
:CS)\@ NS \©
s’ TS T™MS” “TMS
'I'MS
TMS/N\S/S\ /S\N/TMS 40%
|
TMS
NaN(TMS), s T™S )
- N_. _S_ _S___N 5%

s o
(yield)

1) Nicolaou, K. C.; Lu, M.; Totokotsopoulos, S.; Heretsch, P.; Giguére, D.; Sun, Y.-P.; Sarlah, D.; Nguyen, T. H.;
Wolf, I. C.; Smee, D. F.; Day, C. W.; Bopp, S.; Winzeler, E. A. J. Am. Chem. Soc. 2012, 134, 17320



Mechanism of Sulfuration (2)

NaN(TMS),

™S ~TMS

1) Nicolaou, K. C.; Lu, M.; Totokotsopoulos, S.; Heretsch, P.; Giguére, D.; Sun, Y.-P.; Sarlah, D.; Nguyen, T. H.;
Wolf, I. C.; Smee, D. F.; Day, C. W.; Bopp, S.; Winzeler, E. A. J. Am. Chem. Soc. 2012, 134, 17320



Mechanism of Sulfuration (3)

1) Nicolaou, K. C.; Lu, M.; Totokotsopoulos, S.; Heretsch, P.; Giguére, D.; Sun, Y.-P.; Sarlah, D.; Nguyen, T. H.;
Wolf, I. C.; Smee, D. F.; Day, C. W.; Bopp, S.; Winzeler, E. A. J. Am. Chem. Soc. 2012, 134, 17320



Total Synthesis of (-)-Epicoccin G

0,, hv, TPP
CH2C|2, -45 °C;
y

DBU, 0 °C
58%

H,, Pd(OH),/)Cc O _H

MeOH, 86%

TPP

(-)-epicoccin G

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc.
2011, 133, 8150
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by Baudoin’s Group (2019) (main paper)



Retrosynthetic Analysis (Baudoin’s Group)

AcO
double C-H (o)

alkenylation | o
—> M \

N OTf
|

(0]
OAc

4

or OoTf

(-)-rostratin A 0 OTf
(;/l/ : Q/ : "'NJ\COZH
o) H
OAc

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Construction of ACE Ring

EDAQ-2TFA, H,0, LDA, PhNTf,

y y
dioxane THF, 0 °C (o)
84% 85%

(er 97:3) (er 97:3)
OTf OTf
1. L-Ala-O'Bu, TFE H t Sio ¢ 95 9C H
i0,, neat, ;
65°C_ wN_-C0,Bu 2 5 wN_COH
2. Ac,0, pyridine = recrystallization =
95% (2 steps) OAc 83% OAc
(dr 97:3) (dr >99:1)
AcO
o) =
| OMe
BOP-CI, collidine  TfO N N
r C
CH,CI, N
7% | S NH,
o) I
OAc N2
EDAQ

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779
2) Lifchits, O.; Mahlau, M.; Reisinger, C. M.; Lee, A.; Farés, C.; Polyak, I.; Gopakumar, G.; Thiel, W.;
List, B. J. Am. Chem. Soc. 2013, 135, 6677



Proposed Reaction Mechanism of Epoxidation (1)

—
o o) OMe
EDAQ-2TFA, H,0, N
y o
dioxane (o)
84% | N NH;
N~
EDAQ

EDAQ, TFA

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779
2) Lifchits, O.; Mahlau, M.; Reisinger, C. M.; Lee, A.; Farés, C.; Polyak, I.; Gopakumar, G.; Thiel, W.;
List, B. J. Am. Chem. Soc. 2013, 135, 6677



Proposed Reaction Mechanism of Epoxidation (2)

PRIRN

N\
CF3C82 \(r?l "'u N H202 - H’ HI Vie” >
fl(Z) | | o)
~N 0-0, ,
0 MeO
itb EDAQ (R-NH,) é TFA (HX)
H @ R
@i\foﬂ

1) Lifchits, O.; Mahlau, M.; Reisinger, C. M.; Lee, A.; Fares, C.; Polyak, |.; Gopakumar, G.; Thiel, W.;
List, B. J. Am. Chem. Soc. 2013, 135, 6677




C(sp3)-H Activation

Pd(PCY3)2 (4 m0|°/o)
PCy; (20 mol%)
PivOH (0.3 eq.)
C52CO3 (22 eq)

toluene, 110 °C
93%

.- C(sp3)-H activation

B,D ring construction

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Another Example of C(sp?3)-H Activation

Pd,dba; (5 mol%)
CO,Me P('Bu); (20 mol%)
(2eq.) —CO,Me
2 CO,Me
toluene, 140 °C > * 2
Br
36% 22%
. CO,Me
oxidative 2= | CO,Me
CO,Me ddition ligand exchange H oMb

0
. Pd Pd"Br Pd!
r
KBr
CO,Me CO;Me  reductive
. ellmlnatlon
| N COzMG
Pd!l_ ; Pd' %

1) Clemenceau, A.; Thesmar, P.; Gicquel, M.; Flohic, A. L.; Baudoin, O.
J. Am. Chem. Soc. 2020, 142, 15355




Proposed of Reaction Mechanism

Pd(PCy3), (4 mol%)
PCy; (20 mol%)
(0.3 eq.)
C82C03 (22 GQ)

toluene, 110 °C
93%

reductive
Sl elimination
Pd OAc

oxidative
addition

exchange

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779
2) Clemenceau, A.; Thesmar, P.; Gicquel, M.; Flohic, A. L.; Baudoin, O.
J. Am. Chem. Soc. 2020, 142, 15355



Failure of Hydration

H

O

OAc *DMDO, acetone (99%)
AcO

Lewis or Brgnsted
acid

>—>

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Total Synthesis of (-)-Epicoccin G

1. 0sO,4, NMO-H,0

acetone/'BuOH/H,0
o

1. Sm, |CH2CH2|,
THF/MeOH, -78 °C
o

2. 1BX, MeCN, 60 °C
96% (2 steps)

2. HC(OMe);, TsOH,
MeOH; K2C03
79% (2 steps)

1. LIN(TMS),, S,

THF/Et,0
—
OMe 2. NaBHy, Mel, pyridine,
HOMe MeOH, 0 °C
3. 1,, acetone, 0 °C
51% (3 steps) OH

(-)-epicoccin G
(high diastereoselectivity)

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Diastereoselective Sulfuration (My Proposal)

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Diastereoselective Sulfuration (Prof. Inoue’s Proposal)

TMS TMS
N. _N
T™™MS” sy TTMS

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Installation of trans,trans Ring Junction of (-)-Rostratin A

0304, NMO- H20
acetone/'BuOH/H,0
-

1. TBSOTT, collidine
CH,ClI,, 0 °C

99% 2. SOCI,, pyridine

69% (2 steps)

1. Hy, Pd/C, TFE

2. TBAF, THF
3. IBX, MeCN, 60 °C
72% (3 steps)

o

acid or base

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Total Synthesis of (-)-Rostratin A

(R)-(+)-2-methyl-CBS-
oxazaborolidine

o0 BHj;'N,N-diethylaniline
THF
95%

1. TBSOTH, collidine

2. K,CO3, MeOH
81% (2 steps)

1. LIN(TMS),, Sg
THF/Et,0

“y OTBS  2.Sc(OTf),
MeCN/H,0
65% (2 steps)

OH
(-)-rostratin A

Ph (high diastereoselectivity)
O k Ph
N\B 0

(R)-(*+)-2-methyl-CBS-
oxazaborolidine

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Diastereoselective Reduction

similar
hindrance

DFT optimized model
Ph
Ph > ph ® PhJ_Z j

ONB’N - ONB’N\BH ONB’NC:)@
I I (S) 3 I\ﬁ BHZ
(R)~(+)-2-methyl-CBS- O
oxazaborolidine H

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779
2) Jones, D. K;; Liotta, D. C.; Shinkai, I.; Mathre, D. J. J. Org. Chem. 1993, 58, 799



Disulfidation (1)

for (-)-rostratin A

LiN(TMS), (40 eq.)
S (80 eq.) TBSO, H,
y

*
’

“y OTBS  THF/EL0 (3:1)
15°C,

LiN(TMS), (40 eq.)
S5 (80 eq.)

THF/Et,O (4:1)
18 °C,

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779




Disulfidation (2)

. H
Sg, LIN(TMS), TBSO, H,
: -

12 h

. H
Sg, LIN(TMS) TBSO, H,
8 LIN( 2 %

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779



Diastereoselective Sulfuration for (-)-Rostratin A

E concave

D

convex

TMS S S N
\NQ\S/ Ss” N TMS
I
TMS

1) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779
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Nicolaou’s group

H DeLaMare 2
@ rearrangement;
B/D y==CO,Me ———3» —
HO“‘ N dimerization sulfuration

OH

(-)-epicoccin G
15 steps (by Nicolaou’s group)
14 steps (by Baudoin’s group)

installation of

cis,cis
Baudoin’s group ring junction;
AcO sulfuration HO
o
TfO \)LN\“ HQ
C —_— —_—
N C(sp3)-H installation of
activation trans,trans
o ring junction;
OAc disulfidation

(-)-rostratin A
17 steps

1) Nicolaou, K. C.; Totokotsopoulos, S.; Giguére, D.; Sun, Y.-P.; Sarlah, D. J. Am. Chem. Soc. 2011, 133, 8150
2) Thesmar, P.; Baudoin, O. J. Am. Chem. Soc. 2019, 141, 15779 35



