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> Introduction

» Application of Pyrone Involved IEDDA Reaction in Total Synthesis
® Total Synthesis of Cephanolides A-D (Rr. sarpong, et al. JACS, 2021, 143, 2710-2715)
® Total Synthesis of Cephanolides A-B (q. cai, et al. ACIE, 2021, 60, 26610-26615 )

® Total Synthesis of Lucidumone (A. de la Torre. JACS, 2022, 144, 17803-17807)

» Summary
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Introduction

Classification of Diels-Alder Reaction

EDG EWG
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EDG: Electron-donating groups; EWG: Electron-withdrawing groups

O. Diels, K. Alder, Justus Liebigs Ann. Chem. 1928, 460, 98-122.
X. Jiang, R. Wang, Chem. Rev. 2013, 113, 5515-5546.
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Three strategies to facilitate IEDDA reaction

LUMO ienes - activation:

2 R1@ Lewis acid Ri
R
o ®.ia .
/ \X R1
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=z T %
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Introduction

diene

LUMO ——__
AE h
HOMO AE

dienophile

HOMO y .-

dienophile

X. Jiang, R. Wang, Chem. Rev. 2013, 113, 5515-5546.
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strategy

HO I\/Iodienophiles' raisi ng
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Bifunctional HOMO;enopnites
and LUMO;.c activation
strategy
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Chiral Lewis acid metal complexes-catalyzed asymmetric IEDDA based on LUMO ;. .-
lowering strategy

HO (R)-4 (20 mol%)
@ DTBP (100 mol%)
! - QO ~

M 4A MS, CH,Cl,, 0 °C
Ph” H _
diene dienophile 92% yield, 71% ee
1 2 >99:1 dr 3
4 )

(R)-4

H. Ishitani, S. Kobayashi, Tetrahedron Lett. 1996, 37, 7357-7360.
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dienophile R? diene
1 2
R' = Et, iPr, Bn R? = aryl, Me
R3 = Me, Et

Introduction

CO,R3

4 (10 mol %), Silica, CH,Cl, HO., _O.__CO,R3

62 - 93% yield
80 - 94% ee
upto>45:1dr

-15°Ctort, 15 h U
RT ;¢
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-
Me
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4
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H,O H,0O

G\l/ 0. _CO,R? &

I )

1

R 2 \( % HOMO-raised
R 1 enamine

Os_CO,R3
/;/

R2

X

2
The first organocatalytic enantioselective inverse-electron-demand hetero-Diels—Alder reaction
K. Juhl, K. A. Jgrgensen, Angew. Chem. Int. Ed. 2003, 42, 1498-1501.

LSPN Seminar

Chiral amines-catalyzed asymmetric IEDDA based on HOMO ;.\, niies-FaISING strategy
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Bifunctional HOMO i, o oniles 2nd LUMO ;¢ Strategies for catalytic asymmetric IEDDA

reaction
OH o 0
(0] 1 3
4 (3.0 mol%) ONT N ,,,N/”\N_\\ —/  OMe
N o MTBE/DCE (1:1) OH © COOMe () H H
—/  OMe . NO, 13°C O,N o) 3 4 1
76% yield W COOMe
93% ee
1 2 5:1dr 3 S S
_____________ diene _......dienophile e 0 G i A
( N CN ” N_ O N" N
& B
+(|? 0 (ID\ /(I) A
- /N
© ﬁ —/  OMe
WY
¥ © COOMe s Lowering of the
“, /u\ JL LUMO
N N H NS S N— energy of the diene
H CN+ \ |
Q I H I;l
\ y, e Og oM NO,
- - - /4 e
chiral amine-thiourea Nm
B Ph 2

Jiang, X. X.; Wang, L.; Kai, M.; Zhu, L. P.; Yao, X. J.;

Increasing of the HOMO
energy of the dienophile

Wang, R. Chem.-Eur. J. 2012, 18, 11465-11473.
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» Application of Pyrone Involved IEDDA Reaction in Total Synthesis
® Total Synthesis of Cephanolides A-D (Rr. sarpong, et al. JACS, 2021, 143, 2710-2715)
® Total Synthesis of Cephanolides A-B (q. cai, et al. ACIE, 2021, 60, 26610-26615 )

® Total Synthesis of Lucidumone (A. de la Torre. JACS, 2022, 144, 17803-17807)
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Background

cephanolide A

Cephalotaxus plants
=R RTEY)

Isolation and biological activity:

» Isolated in 2017 from Chinese Cephalotaxus plants
by Yue and co-workers

« The larger family of Cephalotaxus diterpenoids have
shown a broad range of bioactivity that includes plant
growth inhibition as well as antineoplastic, antiviral,
and antitumor properties.

LSPN Seminar

Me Me 0 Me Me OO Me
HO HO
®) @) @] @) o)
nd < X ~
Me \ O Me @) Me @) Me O
H H H H
H H H H

cephanolide B cephanolide C cephanolide D

Structure Characters:

* C,g norditerpenoids

» acage-like six-membered rings

» abridged lactone and a THF ring

* seven contiguous stereogenic centers involving an all-
carbon quaternary center

Fan, Y.Y,; Xu, J. B,; Liu, H. C.; Gan, L. S.; Ding, J.; Yue, J. M. J. Nat. Prod. 2017, 80, 3159-3166 9
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Me Me O
O LT T LT L LR LEPCEELLEL LI LEPEEPLES =
HO HO ' . 0]
O {O {O : o OoTf o \ Iterative Suzuki o e
Me \ le) Me lo) 5 110 BF3K : lcross coupling / o)
H H ' e} i<
H H | _ '
cephanolide A cephanolide B Me BBN
' 2 4 1 , 5
""""""""""""""""""""""""""" Me ~\
Intramolecular
IEDDA reaction
o Me MeO©5  Me _ cact
O 0
Late-stage
N X = I | =—
Me - Me o » IR, = 41 — |
H H oxidation state Me Me -~ 70
H adjustment R H RO
cephanolide C cephanolide D 6

e A —
core structure

M. Haider, G. Sennari, A. Eggert, R. Sarpong, J. Am. Chem. Soc. 2021, 143, 2710-2715. 10
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@ Total Synthesis of Cephanolides B ,
Me \'
TMSO
- A
07N
(1)Tf,0,pyridine BF3K 7
OH o  pcwm,o°c Pd(OAc),, 2 o TMSOTf
97% O RuPhos, K,CO3 DIPEA
> > o >
(2) Pd(OAC),, 1 PhH/H,0, 80 °C DCM, 0 °C to rt
Me DavePhos, KF 80% (2 steps) 80%
3 THF, rt 4 Me 5 IEDDA reaction
O/OH then 0 N\“’
C4F9802F (NfF) N\ \ o
{o DBU : "%O — PN A
e N 5 THF‘;Z-Z/8 C Me” N
H | (/] 7 H Qv
0
Me Me (') 1
7 4 (1) TBAF, THF, rt o
Q 0
quant O
O'; < > < HFIP, 60 °C
Me O (2) InCl; PhySiHCI ~ Me O >
TMSO H then sat. aq. NaHCO;
H DCM, rt H MeOH.
9 97% 10 et

common intermediate

(BRSM:94%)

N O BF3K Q
TfO
| < 7o
O BBN z
- 1 2
(o NP ad' Colthd);,0
< " °  Et;SiH, TBHP
H 3 PhCF3, rt
single diastereomer ,/ _ _
5 Mukaiyama hydration reaction
TI(OI-PI")ZClz e
CHo(ZnBr), < Pd/C, H,
> Me O >
THF, 15 °C ™S MeOH, rt
53% 99% (d.r.= >20:1)
8
(" ) e N
Me HO Me
HO {O {O
Me o) + Me O
H H
H H
cephanolide B (2) cephanolide B (2)
o) e
L 42% yield ) 32% yield
11

10 steps, 12.5% overall yield
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& Co-catalyzed Mukaiyama hydration reaction

B OH |
4 then 0]
Co(thd),, O, 0]
@ 0 Et3SiH, TBHP C“FgSE?BZE (NTF) o
Me ﬁ % > (O {
TMSO PhCF3, rt Me 0 THF, -78°C  Me s O
H TMSOL 42% H
6 - 6f - 7
‘00
O‘} < _ _/< e
Me .l O '<
TMSO 0O
H msol
6 C
00 NFOXO H &
H
Co(thd), _,(O C4FgSOF (NIF) _/< _DBU _ {0
Me TMS
TMS 5
H
D 7

The regioselective hydrocobaltation could be attributed to a directing effect by the oxygen lone pair of the lactone 17
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& Total Synthesis of Cephanolides B

(1)Tf,0,pyridine BF3K
OH o pem,oec Pd(OAc),, 2 o
97% O RuPhos, K,CO4
(2) Pd(OAC),, 1 PhH/H,0, 80 °C
Me DavePhos, KF 80% (2 steps)
THF, rt ©
3 4 Me
B OTES |
o then NfF Q
DBU
| 4
Ve 5 THF, -78°C  Me s
TMS 42%
H _ 7
Me Me
7 4 (1) TBAF, THF, rt
Q o) o)
quant
K >~ 5
M i M
N (2) InCls, Ph,SiHCI e =
H DCM, rt H
9 97% 10

common intermediate

BF3K O
TfO
o U
BBN Z
1 2
o
=
TMSOTf
O
5 DIPEA @0& {
> Ve ﬁx o}
DCM, 0 °C to rt [l
80%
5 (single diastereomer)
6
TI(OI-PF)zClz
CH2(ZnBr)2
= > Me
THF, 15 °C
53%
0) e
(l) 11 Me
HO
HFIP 68 °C {
) Me O
then sat. aq. NaHCO3 HH
MeOH, rt cephanolide B (2)
(BRSM: 94%) 42% yield
-
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Co(thd),, O,
Et3SiH, TBHP
>

PhCF, rt

Mukaiyama hydration reaction

{ Pd/C, H,
o) >
TMS MeOH, rt
99% (d.r.= >20:1)
8
e R
HO Me
~€O
+ Me O
H
H L]
iso-cephanolide B (2)
32% yield

13
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o)
O " ) s R
Me CI) 11 Me HO Me
(1) TBAF, THF, rt
5 HO O o)
quant. { O ‘( ‘(
> HFIP, 60 °C M o] O
(2) InCl; Ph,SiHCI ~ Me - © or oot oa. NaHCO. © H v |Me H
DCM, t H en sat. ag. Na 3 . H H '
o570 MeOH, rto cepha?ollqe B (2) cephanolide B (2)
o 10 (BRSM: 94%) L 42% yield | | 32%yield
Mechanism: _ _
Me
Me (1) TBAF, THF, rt Me Me {o
Ph,SiHCI InCl
0 quant O 2 3
g Me o) -HCI o
M N - Claln N
H Ph,Si—H
H thHSI Cl 2
9 Ph 9a 9b 9c
| .
{si—o - Me oxonium
i <
) - Me O
H
H
InCls 10

M. Yasuda, Y. Onishi, M. Ueba, T. Miyai, A. Baba, J. Org. Chem. 2001, 66, 7741-7744.
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o)
@) (" ) ( )
Me Me 5 1 Me HO Me
7 4 (1) TBAF, THF, rt HO o) o)
0 O
quant. O
OQ < > nd HFIP, 60 °C X X
Ao O ’ M ° ©
Me (2) InCl3, PhySiHCI ~ Me > © w + |Me
TMSO DOM. rt HH then sat. ag. NaHCO; HH
079, MeOH, rto cephagolic_le B (2) iso-cephanolide B (2)
9 10 (BRSM: 94%) L 42% yield ) L 32% yield

Mechanism: oxidation of aromatic C—H bonds

Me
@] O
O o ”( O Me
Me O Me OH
o - O- H O- . 0 O
|~ 10 H 0 O H abstraction {
O 0. - ¢ I S
- i e
O o C-0O bonding OpMe . 0 HH
11 11a 11b H 1c
Me
Hydrolysis HO 0 addition—abstraction mechanism
- *( or ‘reverse-rebound “mechanism
Me O
H
cephanolide B (2) C. Yuan, Y. Liang, T. Hernandez, A. Berriochoa, K. N. Houk, D. Siegel, Nature, 2013, 499, 192-196.

A. Dragan, T. M. Kubczyk, J. H. Rowley, et. al. Org. Lett. 2015, 17, 2618-2621.
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( M R
Q © . Me
o PCC, Celite 7 4
PhH, 70 °C @)
8 steps " % - OQ‘ {
© H Me .‘ O
H then 2 M HCI TMSO
cephanolide C THF, 70 °C, 54% 9

AcON

(1) PCC, NH4OAc, 4A MS -
DCE, 80 °C, 49%

>
- Me
(2) HONH,'HCI, pyridine, 60 °C

then DMAP, Ac,0, rt

common intermediate

T™MS

- N (1) Tf,0 (1) Pd(OAc),, PIDA
MO 5 Me pyridine,40 °C Ho O  Me AcOH/Ac,0, 100 °C
84% 0 (2) K,CO3, MeOH, rt
0
¢ = (2) Pd(dppf)Cl Jg =~
14 steps Me o) (dppf)Cl2 Me™ = (3) Fe(NO3)sH,0
H Et3N, CO H o
H PhMe/MeOH,60 °C Q2. PhiMe, 40 °C
cephanolide D e/vien, 13 33% (4 steps)
S / then TBAF, rt
93%

Pd-catalyzed methoxy carbonylation

Acetoxylation: S. R. Neufeldt, M. S. Sanford, Org. Lett. 2010, 12, 532-535.
Oxidative removal of the oxime: Y. Li, N. Xu, G. Mei, Y. Zhao, Y. Zhao, J. Lyu, G. Zhang, C. Ding, Can. J. Chem. 2018, 96, 810-814.°

Me

Pd-catalyzed oxime-
directed ortho C—H
acetoxylation
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Pd-catalyzed oxime directed ortho C—H acetoxylation

Me

AcON
15

TMS
H

12

Me

(1) Pd(OAc),, PIDA
AcOH/Ac,0, 100 °C

(2) K,CO3, MeOH, rt HQ Q Me
> 0
(3) Fe(NO3)3H0 Me ~€O
0,, PhMe, 40 °C msdl
33% (4 steps) 13

S. R. Neufeldt, M. S. Sanford, Org. Lett. 2010, 12, 532-535.
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Od

OAC N ~Ac

o

LPd”—N

/
\Y
AcOPd IN A R
R
A

B
CI)AC

©/ 'Soac

CMD: concerted metalation deprotonation

17
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€ Complete the Total Synthesis of Cephanolides C-D

8 steps
common intermediate
s 5 ~ (1) Tf0 " Oxime-directed ortho
MeO o Me pyridine,40 °C HO OQ © C—H acetoxylation
84% O
40 ° ¢
14 steps Me o) (2) Pd(dppf)Cl> Me™ = O
HAl EtsN, CO H
(o]
cephanolide D PhMe/MeOH,60 “C 13
\- / then TBAF, rt

93%
Pd-catalyzed methoxy carbonylation

18
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& Complete the Total Synthesis of Cephanolide A

~€O
@)

Me

TMS
H
- 8 -
common intermediate
Me
O
~€O
Me O
TMS
H
16
Me
15
13 9) YO
Me 1 (@)
H
H
19

SeO,, dioxane 0O
0 @) Pd/C, H
60 °C - { 2
then DMPDCM, ~ Me” N o MeOH, rt
rt, 76% H
14
Me
NaBH4 HO o |2, P|DA, hv
MeOH, rt ,{ DCM, 0 °C
Me™ M= O then TBAF, rt
H 99% (2 steps)
o 17 Sudrez reaction
Q
O e ™
Me
O
HFIP, 80 °C HO 0 0
‘(
then sat. aq. K,CO3 Me ) O
MeOH, rt H|-|
39% (C13/C15 = 6:1) cephanolide A

reverse-rebound mechanism

>
M
Me

Me
S

H

15

O
HO

H
18

14 steps

q Eroo
$

o 0
™

Me
@)

{

O

LSPN Seminar

DBU, THF, rt
52% (2 steps)
:

(1) NaH, CS,, Mel
THF, 0 °C

>

(2) AIBN, BuzSnH
PhMe, 80 °C
82% (2 steps)

19
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» Application of Pyrone Involved IEDDA Reaction in Total Synthesis

® Total Synthesis of Cephanolides A-B (q. cai, et al. ACIE, 2021, 60, 26610-26615 )

20
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Catalytic asymmetric IEDDA reaction of 2-pyrones with indenes

4 )

asymmetric
R'O. _O IEDDA reaction R?

M. O
el + 0 m RS R1OZC\‘/(
— z —\ Cu/L |—>» X
a \_/ o 2
N0

> 40 examples

dienophile diene bridged lactone
€ Electron-deficient 2-pyrones @ Electronically unbiased indenes
€ Highly functionalized hexahydrofluorenyl lactones € High yield, high dr, high ee

€ Asymmetric total synthesis of cephanolides A and B

Y. Lu, M.-M. Xu, Z.-M. Zhang, J. Zhang, Q. Cai, Angew. Chem. Int. Ed. 2021, 60, 26610-26615. ol
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Optimization of IEDDA reaction condition

Entry Lewis acid Ligand Yield [%] ee [%]
MeO.__O Lewis acid (10 mol %) O 1 Cu(OTf), L1 99 62
Ligand (12 mol %) CO,Me
S > QK _H 2 - L1 08 59
& C 4A M.S.,DCM, 25 °C ﬂ'@o Cu(ClO4)26 H20
1a 2a 3 Cu(NTf), L1 99 49
4 Cu(OTf), L2 98 32
Me_ Me
o\\)ﬁro 1 9 With Large Side Arm ) Cu(OTf), L3 98 69
2ol g2 LLR'=Ph RZ=H
N Nw L2,R'=Bn,R*=H 6 Cu(OTf), L4 97 81
R R? L3,R'= Ph, R?= Ph
7 Cu(OTf), L5 98 85
RO 8 Cu(OTf), L6 99 87
= .
Me \ / L4, R°= 3,5-(0Me)2 C OTf
0N L5, R3= 3,5-(OEt), ° u(OTf), L7 99 92
Ph—S/N N\_) PR L6, R=3,5-(0iPr) 10 Cu(OTf), L8 93 94
o 2 L7, R3= 3,5-(OPh), \ g )
11 Cu(OT), L8 99 94

Reaction condition: 1a (0.2 mmol), 2a (0.3 mmol), Lewis acid (10 mol%), ligand (12 mol%), 4A M.S. (50 mg) in DCM (1.0 mL) at 25 °C.

Entry 11: 1a (0.2 mmol), 2a (0.3mmol), Cu(OTf), (5 mol%), L8 (6 mol%), 4A M.S. (50 mg) in DCM (1.0 mL) at 25 °C. o
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Scope of indenes (yield > 89%o, ee > 92%)

o) O 0 o) o)
CO,Me A Cozaﬂe /],COzMe , . COzl_I}/Ie {]/COzMe
H H R H t-Bu
e Q. AT LA AEC
Z R? i-Pr
R' = Me, OMe, Br R?=Cl, F, CO,Me R3 = CI, Et
0 o o) 0 o)
. COZ|_'\|/Ie R4 C02|_'Y|e COzl-IYIe Me . Cozl_llvle OM . Cone
h1_ 7 Cl e H
L, e Gy AT A& >
4
R OMe OMe oM
Me OMe
R* = Me, OMe Me
Scope of 2-pyrones
CO,Me
(@) O COzMe ‘“‘
R' COzMe Q .
Q) H lI/
A4S AN Y
R' = CO,Me, CO,EY, R? = Me, Et, Ph, R3 = Br, p-methylphenyl, R* = Ph, p-methylphenyl, 932/3 /yid
CO,Bn, CO,C,H4Ph p-chlorophenyl p-chlorophenyl, Ph p-chlorophenyl, p-bromophenyl °
90-99% yield 93-99% yield 46-99% yield 70-97% vyield

92-94% ee 71-85% ee 88-90% ee 93-95% ee 23
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Total Synthesis of Cephanolide A

Cu(OTf), (5 mol%)
L8 (6 mol%) Me

MeO O o MeO,C
O‘ 4A MS, DCM, 0 °C MeO €0,
Me 0 > @
~ T Meo 229 g, 99%, 92% <
~ O Me . g, o, o €€ Me
1

98% ee after
recrystallization

w _ T

2
asymmetric IEDDA reaction

(1) DIBAL-H, -10 °C
(2) TsOH, MeOH
then TBDPSCI

Me
3
BH3'SMe, Moo  BDESO~ Nz 8t 1 (1) AcOH/H,0, 50 °C
then H,0, Q& (2) PCC, silica gel
- Me @)
60% HH 61% over 2 steps
4(+C10-epi-4, d.r. ca 6:1) (tatal yield,ca.) 5(55% from 4)

C10-epi-5(90% from C10-epi-4)

Y. Lu, M.-M. Xu, Z.-M. Zhang, J. Zhang, Q. Cai, Angew. Chem. Int. Ed. 2021, 60, 26610-26615.

>
85%, 6:1 d.r.
over 2 steps

Me
TBDPSO— Nz L
MeO O
<1o
Me O
H
H
6

24
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Total Synthesis of Cephanolide A

MeO

Me

LSPN Seminar

Me
3
TBDPSO 2 OO (1) DBU, 0 °C TBDPSO Phl(OAc),, 12
{0 (2) NaBH,, 0 °C MeO HOY /O 500W LED
0] > < >
HH 93% over 2 steps Me : (@) 99%
6 7 H Suarez reaction
common intermediate
(1) TBAF, THF H Me MeOCH,PPh,CI PTSA, DCE
(2) PCC, silica gel  MeO =N o LiHMDS 110 °C
> \( > >
88% over 2 steps Me D O 52% over 2 steps
H
9 -
Me Pd/C, H, (1 atm)
MeO o 0 then BBr3 14 steps
~ > 8.8% overall yield
Me b O 68%
H cephanolide A
1 - J

25
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Total Synthesis of Cephanolide B

Me 1) NaH, CS, Mel H Me
18DPSO— K, §z§ AIBN, Bu;SnH o (1) TBAF, THF
MeO HO /° 3 MeorBDRSO—KN: 5 (2) PCC, silica gel MeO O 0
<o 92% 2 st g £ > \{
HE m o over < steps Me o) 89% over 2 steps Me w O
H H H
T : 12! 13
common intermediate
MeOCHzPPh3CI
LIHMDS

( Me\

C
"o @9‘ = Pd/C, Hy(1 at Me MeO

B‘( o zB(Bam) MeO o PTSA, DCE MeO X o
Me O -— N O‘J - 100°C ~

Me o)
H 83% m 50% over 2 steps H

cephanolide B H H 1

15 14

\_

15 steps

9.7% overall yield
26
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» Application of Pyrone Involved IEDDA Reaction in Total Synthesis

® Total Synthesis of Lucidumone (A. de la Torre. JACS, 2022, 144, 17803-17807)

27
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Selected meroterpenoids isolated from Ganoderma:

”

Background

idea

“Ganoderma lucidum ("z+ )

Isolation: <
Isolated from Ganoderma lucidum, a mushroom commonly _ _
.- .. . . cochlearol B ganocin A ganocin B
used as traditional medicine in China
Structure:
Biological activity: + meroterpenoid

» unprecedented 6/5/6/6/5 caged pentacyclic structure

» afused indanone motif with a hydroquinone

* six contiguous stereocenters on the bicyclo[2.2.2]octane
unit

Preliminary studies indicate that lucidumone selectively inhibits COX-2
by directly binding with Tyr385 and Ser530 residues to provide it with
an interesting therapeutic potential for the treatment of inflammation

. i 28
Yan, Y.-M.; Zhang, H.-X.; Liu, H.; Wang, Y.; Wu, J.-B.; Li, Y.-P.; Cheng, Y.-X. Org. Lett. 2019, 21, 8523-8527.



=PrL LSPN Seminar

Retrosynthetic analysis of Lucidumone

OTBS 0
Intramolecular 7 Retro-Diels-Alder OTBS
IEDDA reaction_ O‘ . reaction
> > Ov
7 7
TBSO o) CO, extrusion
TBSO
X = Me or OMe
11
Mitsunobu C-0 bond
reaction formation
OTBS Asymmetric OTBSO
IEDDA reaction HO WOBn
L ! y.
| S @ ¥ S
O
OBn O ¢ TBSO O
2 5 4

G. Huang, C. Kouklovsky, A. de la Torre, J. Am. Chem. Soc. 2022, 144, 17803-17807. 29
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Synthesis of bridged lactone by using asymmetric IEDDA reaction

(1) BnOH, DABCO

THF, rt, 40 min
(2) DIBAL-H DCM OTBS ~ CuCl, (5 mol %), L1 (5 mol %)
0,
-78°C, 1 h, thenrt, 1 h . 5 | AgSbFg (10 mol% ), 4A MS
=—CO,Me > | CO,Me a
(3) TBSCI, imidazole OBn o) Toluene/DCM (2:1), -40 °C, 20 h
1 DCM, rt, 40 min 2 3 Quant. 48:1 dr, 97% ee
94% (3 steps) asymmetric IEDDA reaction
. OTBS
TBAF 4 (1.2 equiv), PPh;
THF, rt DIAD, THF O
— - (D
97 % 20°Ctort, 5h O]
68% TBSO 0 4 0
Mitsunobu reaction 7 OMe
@)
on (1 r)e}f(lng ,ZHﬁO oA o M M _coet oy 5 oTES
CN  then HWSO EtsN, Ac,0 TBSCI, EtsN
2o 4 0O rt, overnight DCM, rt, 1 day
cN  (2) AcyO, reflux o O > > >
: 82% (2 steps) o) en 0O 0
L1 5 O OAc 75°C, 1h OH 0TBS O

8 9 92 % 10 4 30
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0
OAc o P ACOEL o 0

Et3N, ACzO
rt, overnight
o
then 6N HCI
OoH O

(@)
OAc 75°C, 1h
9 92 % 10
Plausible mechanism: o
OAc 6 Me” ~COEt  oaco Q y OAc o
— e
"_\/ -AcO" CO2Et N HCI, 75 °C
0 > (o COEt ———> Me oy
Ac,0 uO\Ac decarboxylation
OAc © OAc O oac OO
9 A B
OH [ OH ¢ 7]
O retro-Claisen (bH OH o
O condensation ~ -Ac,0
> OAc| ——>
Me Me
OH O i OH O | OH o)
C D 10
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Study of the C-O Bond formation

OTBSO entry conditions result
conditions %é&“ 1 1,2, Cul, 1,10-Phen, Cs,COs, toluene, 100°C  N.R
N\
T™BSO O ¢ OMO 2 1,2, CuCl, EtOAc, NaH, toluene, 120°C  decomposition
e
"""""""""""""""""""""""""""""""""""""""""""""""""""""" 3 1, 2, n-BuLi, THF, 0 to 65 °C decomposition
OMe 4 1, 2, K,CO3, DMF, 80 °C decomposition
\
q S 6, 3, K,CO3, DMF, 70 °C C-alkylation
MeO

O .

5a, R=OMe 6 6, 4, K,CO3, DMF, 0 °C decomposition
5b, R=0TBS
N Conditions 7 6, 2, TsOH, toluene, reflux no reaction
_—
OTBS HO oM OTBSO 8 6, 2, TiCly, toluene, rt to 60 °C decomposition
e
O \ .\\OMe
o ‘ o N 9 6, (¥)-7, PPh;, DEAD, THF, -20 °C to rt (*)-8 (51%)
(0]
oTBsO OMe SO 0 § o)
OMe

6 (£)-7 (+)-8 32
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oTBS -CO>

PhCI
O‘ wOBNn  q400c 3h
N\ v et
77%
o 0
OM

TBSO retro-Diels-Alder |_
reaction

(1) DMP, NaHCO3;
DCM, rt, 2 h
(2) MeMgBr, Et,0

“OBnN
0 °C, 30 min TBSO 0 -
" O

(3) DMP, NaHCO4
DCM, rt, 30 min
79% (3 steps)

LSPN Seminar

[EppA  TBSO wOBn LA, ELO  TBSO \OBn
_reaction_ 20¢.1h
e a2%
OMe 94% brsm Z. OH
5 ] resh O OMe (94% ) TBSO  OH
11 12 '
single diastereomer
e )
OH £\
PA/C. H, TBSO WwOH TBAF, THF
THF, rt, 6 days rt, 30 min E @)
- U g
86% O ° 7% on o M
O Me H
TBSO (+)-Lucidumone
s L 1.61¢g )
13 steps

25.8% overall yield
33
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> Introduction

» Application of Pyrone Involved IEDDA Reaction in Total Synthesis
® Total Synthesis of Cephanolides A-D (r. sarpong, et al. JACS, 2021, 143, 2710-2715)
® Total Synthesis of Cephanolides A-B (q. cai, et al. ACIE, 2021, 60, 26610-26615 )

® Total Synthesis of Lucidumone (A. de la Torre. JACS, 2022, 144, 17803-17807)

» Summary

34
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Cephanolides A-D by Sarpong et al. Cephanolides A and B by Cai et al.
o
= Me
O
TMSOTf o o MeO. _O Cu(OTf),, L8 o
o  DIPEA (o N 4AM.S.DCM, 0 °C MeO © 4 o
e R ﬁx (@) + MeO > @ {
DCM, 0 °C to r.t TMSH 99%, 92% ee Me - (@)
80% H
Me intramolecular intermolecular
IEDDA reaction IEDDA reaction
(+)-Lucidumone by Torre et al.
CuCly L1
OTBS Z | AgSbFg , 4A MS TBSO WOBn
| + 0 CO,Me > ol R
Toluene/DCM (2:1), -40 °C, 20 h 0
OBn O
Quant. 48:1 dr, 97% ee Owué
intermolecular
IEDDA reaction
OTBS -CO2 OBn
OB PhCl mtramolecular
O‘ WOBN - 140°C, 3N IEDDA reactlon »
TBSO 7% OM
p e
Me retro-Diels-Alder |_ i TBSO (0] 35

reaction
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Thanks for your attention !
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