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® Background

Cephalotaxus diterpenoids
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® Background

Cephalotaxus diterpenoids
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® Background

Cephalotaxus diterpenoids

( )

harringtonolide

\ J

IC50 = 43 NnM against KB cells
Anticancer activity

Cephinoid F

\_ J

IC5¢ = 12 M against A549 cells
Cytotoxicity

Inhibition of NF-kB pathway and NO production

4 )

(+)-cephinoid H

\. /

Glso = 1.9 uM against HL-60 cells
Cytotoxicity

(-)-Cephalotanin B

\ J

A® double bond
unfavorable for activity, but
advantageous for selectivity

Conjugated C-7 keto
disfavored

R = Br, NH, OMe
resulting in loss
of activity

R g 0 Lactone
2 R important and essential
Tropone /Me Ry g

essential

Ether bridge or Ry = OH
slightly adverse

Inhibitory effect on Th17 cell differentiation

Jian-Min Yue. et, al. Nat. Prod. Rep. 2024, 41, 1152-1179



@ Preface: Synthetic strategies

Retrosynthetic analysis towards Cephalotaxus diterpenoids
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@ Preface: Parts of synthesis work

Total synthesis towards Cephalotaxus diterpenoids
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@ Preface: Synthetic strategies

Retrosynthetic analysis towards Cephalotaxus diterpenoids
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@ Preface: Parts of synthesis work
Total synthesis towards Cephalotaxus diterpenoids

MeO Type Il
Buchner reaction 5+2 cycloaddition
Lewis N. Mander Weiping Tang
1998 2013
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@ Preface: Parts of synthesis work

Gao’s brilliant synthesis work in 2023
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@ Total synthesis towards (+)-mannolide B
1st retrosynthetic analysis & synthetic route:

» 5/7/5/6/6/6-Fused hexacyclic scaffold

» 2 Bridged-lactone moieties
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Intramolecular 0){

Functional group

» 10 Stereocenters; 9 contiguous transformation N Diels-Alder -
7 /) Me
* 2 Quatenary carbon centers -
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+)-mannolide B « Fi i ia"
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Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147,636 .,



@ Total synthesis towards (+)-mannolide B

First endeavor:

epi-isomer
major product (unfavored)

LDA, allyl-Br COOMe MeOOC
MeOOC
1. L-selectride MeGOC THF/HMPA, 89% 1. HG-Il, DCM, 40 °C w_-0TBS —
Me THF, -78 °C, 90% M % 4 40% iodine:
2 reorscim Mo ol . ‘ 2. LDA, iodine . l~ores
— DCM, rt, 98¢ H e Y THF/HMPA, -60 °C to rt
o CM, rt, 98% = OTBDPS =/ 75%, d.r. = 2:1 Ho -
OTBDPS 0, 9.1+ " 6TBDPS
mEthyl jasmonate 16 17 \ -
LDA, iodine B OTBS N
THF/HMPA, -60 °C to rt |—/_
80%, d.r. =10:1
(o] 0 ’
MeO—// Meo—é/ OTBS OTBS AN (3 Re face
1. K;0s04°2H,0 “, I 1. CeCl3*7H,0 2 HG-Il, DCM MeOOC, less hindered
NMO, acetone/H,0 Nal, MeCN 40 °C, 95% P Z “OMe
-
2. MOMBr, DIPEA 2. PPhy, I, im @. B H -
57% for 2 steps g THF, 37% for 2 steps WY NN »
5 OTBDPS : H
OTBDPS 21 20 OTBDPS TBDPSO 19

(0]
/{ 1. szinz, PPH3
Q" Cul, MeOK, DMF _

2. KHF,, MeOH =~

desired product

Pd(OAc),, RuPhos
BF;K K,CO3, pyranone, tol/H,0
80 C, 35% for 3 steps

proposed int & mechanism

1. TBAF, THF, 60 °C, 40%

o}
o

(o}
TfO

Me

double bond isomer

2. DMP, 90%, d.r. = 5:1

Me
MOMO™ _
OTBDPS
25
Hyperconjugation o o
LDA, sulfoamide H
THF, -78 °C, 45%
- o @
sulfoamide:
¢ 0
Ph/s\\N/t-Bu OoOMOM

R = pyranone

27
Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147, 636
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@ Total synthesis towards (+)-mannolide B
Complement 1: Cu(l)-catalyzed borylation

Traditional Miyaura’s protocol:
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Applications of Named Reactions in Organic Synthesis.14




@ Total synthesis towards (+)-mannolide B

Complement 1: Cu(l)-catalyzed borylation
Todd. Marder & Lei Liu’s protocol:
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Lei Liu. et, al. Angew. Chem. Int. Ed. 2012, 51, 528-532 5



@ Total synthesis towards (+)-mannolide B
First endeavor: }’fpreo')(;:?t)m?\;avored)

LDA, allyl-Br COOMe MeOOC
Me0OC
1. L-selectride MeoOC THF/HMPA, 89% 1. HG-Il, DCM, 40 °C w_-OTBS —
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Me . - Me .. — e H o
2. TBDPSCI, im N " R 2. LDA, iodine . e ~oras
= DCM, rt, 98% : e N THF/HMPA, -60 °C to rt
0 ek = 6TBDPS =/ 75% dor. = 2:1 H oY
OTBDPS » o OTBDPS
methyl jasmonate 16 7 \ i
LDA, iodine B OTBS ]
THF/HMPA, -60 °C to rt —/
o _//0 80%, d.r. =10:1 S
Meo_/{ MeO—% oTBS oTBS X o Re face

1. K;0s04°2H,0 I 1. CeCl3*7H,0 HG-II, DCM MeOOC, less hindered

NMO, acetone/H,0 Nal, MeCN 40 °C, 95% Z “OMe
- -
2. MOMBr, DIPEA 2. PPhy, I, im H H
57% for 2 steps N THF, 37% for 2 steps WY NN H
5 OTBDPS : H
,,OTBDPS 21 50 OTBDPS TBDPSG 10

proposed int & mechanism

Pd(OAc),, RuPhos
BF,K K,COs, pyranone, tol/H,0
80 C, 35% for 3 steps

(o}

1. szinz, PPH3
Cul, MeOK, DMF
2. KHF,, MeOH =~

1. TBAF, THF, 60 °C, 40%
2. DMP, 90%, d.r. = 5:1

TfO

H :
Z OTBDPS
Me 25

Hyperconjugation

~ 00O
LDA, sulfoamide H
L THF, -78 °C, 45%
- o )
sulfoamide:
(I:I (o)
oy Sy~ +BU OMOM
. R = pyranone
L desired product ) double bond isomer d 27

Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147,636 44



@ Total synthesis towards (+)-mannolide B

Complement 2: IEDDA reaction
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@ Total synthesis towards (+)-mannolide B
Complement 2: IEDDA reaction

o
New nucleophiles, microwaves processes
(o) Limitation:
-~ . . .o - - - - .
EWG—ﬁ'_' ./}R ring-opening @\“‘\-\o“ Difficult t_o avoid 002 extrusion;
~ g No enantioselectivity.

A\
EDG \*%0(%‘8 Remaining challenges:

High pressure \> 4- and 6-substituted 2-pyrones
Concerted pathway: diastereospecific
Temperature

Stepsize pathway

co,

~EDG
extrusion > EWG—/ ’ Aromatization > EWG—/ |
X R X R

0]
0]
EWG—;[' AR
Y EDG radical High enantioselectivities
rearrangement Limitation: . . .
Lewis acid (3-position): Only f_0|: 3-substituted pyrones (Lewis acid)
LUMO activation Remaining challenges:

Organocatalyst: New dienophiles

HOMO activation L .
HOMO activation: VERY FEW methodologies

Aurelien de la Torre. et, al. Chem. Eur. J. 2021, 27, 4760-4788 18



@ Total synthesis towards (+)-mannolide B

Complement 2: IEDDA reaction: another example
Total syntheS|s of Sporolide B: o-qumone DA cycloaddltlon

OTHP OTHP OAc
( I 0 9 steps OBn 7 steps OBn
53% yields =—TMS 65% y|elds
Sonogashira
| coupling CpRuCl(cod) (cat.)
OTBS OTBS OTBS oTBS CICH,CH,CI, 30 min
29 30 87%
Ru-catalyzed
fo) [2+2+2] cycloaddition
/0 5 steps /—° OF 2°ste.ps
o 88% yields o 1. DMP oxidation _64% yields _
e e 2. Pinnick oxidation —_— =
\
Me Y OH Me COOH Y
Sporolide B H = A
Higﬁly oxydized OBn OMe OBn OMe OBn OMe OH
Striking molecular architectures 34 35 36
€l oAc

(o)
MeO BnO

Steric repulsion

Yefeng Tang. et, al. J. Am.
Chem. Soc. 2010, 132, 11350

toluene, 110 °C
~1.5h, 20% (40% brsm)
intramolecular
[4+2] cycloaddition

38

2 steps
87% yields

OBn OMe OAc

3 steps
64% yields
-

O’. OBn

OBn 6Me OH
HO TBSO

37

Oxidative dearomatization
Evans-Saksena reduction
Nucleophilic epoxidation

Y

7 steps, 17% yields

Sporolide B
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@ Total synthesis towards (+)-mannolide B

Second endeavor:

(+)-mannolide B

LDA, sulfoamide
THF, -78 °C, 75%

COOEt Radical cascade

FGT 0 cyclization

(Y

methyl jasmonate

.COOEt

-78 °C to rt, 70%
-

MeOOC 1. NaBH,, LaCl3*7H,0
. MeOH, 0 °C to rt, 60%
! 2. TBSCI, im, DCM, rt
— o 95%
49
LDA, ICF;, THF

MeOOC

W
—

50

OTBS

1. K;0s04°2H,0, NMO
acetone/H,0, 50%
2. MOMBr, DIPEA, tol, 90%

MeOOC
FG:T> ’p
(Y

methyl jasmonate

. COOMe .
LiHMDS, THF/HMPA LDA, bromide
allyl bromide THF/HMPA
-78 °C to rt, 92% -60 °C to rt, 51%
d.r. =2:1 k//\ d.r. =6.5:1
— oTBS bromide:
51
COOEt
Br \\\\
N Me | Co2(CO)g
toluene, rt
EtOOC

1. HG-Il, DCM, 40 °C

MeOOC,

2. CAN, acetone, 0 °C
71% for 3 steps

OTBS

53
Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147,636 -



@ Total synthesis towards (+)-mannolide B
Second endeavor:

MeOOC
Radical cascade
izati FGT
cyclization .
> p— — U
—
MOMO® o
(+)-mannolide B methyl jasmonate
o
A ]
07 ™ SO0t \BN, n-Bu,SnH 9/["‘ SCOOBt 4 1BAF, THF, 1t o, COOEt

tol, 110 °C, 85% 2. Nal, CeCl3*7H,0, MeCN C0,(CO)g
ro=1: . - 3. p-NO,BzClI, Et;N, DMAP
| dr=13 " yomo _ | P ’ Ar0™
H : Ar-: H : |
OTBS Cl OAr
Me Me OzN—®—< Me 61
56 57 o) 58
CAN, acetone CAN, acetone
0°C 0°C
then
K,CO,, EtOH
rt, 90%
60
62

Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147,636 51



@ Total synthesis towards (+)-mannolide B
Third endeavor:

OJ:/O Me o
P : o FoT o/[l COOMe  Buchner-Curtius-Schlotterbeck Michael addt
: reaction ichael addtion
-0 — S
Me H BzO" A
HO H : Hop
(+)-mannolide B OTBS
63 64

Pauson-Khand
reaction
MeOOC MeOOC
FGT .
Ub (I
) ()
= o)

H :
methyl jasmonate OTBS

66

Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147,636 5,



@ Total synthesis towards (+)-mannolide B

Third endeavor:

MeOOC
4 steps

68:
COOMe |\/\(O
A OJ

We've mentioned
above

u (o)

OTBS

methyl jasmonate 67
E MgBr
12. —/
. CuBreMe,S, THF
BzO' ’ -30 °C, 92%
13. S¢(OTh; W Sres
TMSCHN, 74

4 AMS, DCM, 60%

o/ll \\ 14. 03, DCM, -78 °C J(l)
p 15. NaClO,, NaH,PO, (o) 3
2-methyl-2-butene
t-BuOH/THF/H,0, rt

H i HY

° BzO"" P
5TBS then;I'MSCHNz, 0°C H Y H
75 85% for 2 steps OTBS
76
22. TsNHNH,

PPTS, AcOH, tol
23. NaBH;CN, AcClI
then Et;N, MeOH

24. TBAF, THF
42% for 3 steps

(+)-mannolide B

5. LDA, 68, THF/HMPA
-60 °C to rt, 88% d.r. =10:1

16. LDA, 52%

c|:|
Ss J<
Ph” "N

17. AlMe;,,
Ni(acac),, 75%

&

(0]
6. HG-Il, DCM, 40 °C o
93% - MeOOCc‘
7. TMSOTH{, collidine
‘ DCM, 0 °C
8. Bestmann reagent
K,CO3, MeOH, 85%

70 H :
oTBS
10. K20804'2H20 MQOOQ MeOOC
NMO, acetone/H,0 = 9. Co,(CO)g -,
85% tol, rt, then 75 °C N\
11. BzCl, Et;N, DMAP ‘ 82% ‘
DCM, 90% .
o H I H H oY
oTBS oTBS
72 71
o
Jl Coom 18. NaBH,
0 - € MeOHITHF
i “Me "Z0°c, 70%

BzO""

19. K,CO,
MeOH/THF
rt, 70%

21. Ac,0, CHy(NMe),
DMF, 100 °C

20. DMP, DCM
95%

HO™

tBso H

80 79
Yanxing Jia. et, al. J. Am. Chem. Soc. 2025, 147,636 54



@ Total synthesis towards (+)-mannolide B
Complement 3: Selectivities in BCS reaction

rearrange to . .
carbenium Wagner-Meerwein, pinacol, Wolff,

P  Favorski, Stevens, Tiffeneau-Demjanov...

rearrange to Driving force:

oxocarbenium More stable intermediate

Rearrangement reaction y» Baeyer-Villiger, Dakin, Hock... &

release strain

rearrange to
azacarbenium > Beckmann, Neber, Hoffmann
Curtius, Lossen, Schmidt...

13. Sc(OTH);
TMSCHN,
4 AMS, DCM, 60% __

rearrangement

ring-expansion
nitrogen gas

as excellent LG

24



@ Total synthesis towards (+)-mannolide B
Complement 3: Selecti\_/ities in BCS_reaction

concave face

-Sc
e ‘\ TBSO 7z N TBSO TBSO, ™S
_Sc(0Th); TMSCHN, 0Sc or : N,
H
convex face - \ =

OTBS OTBS \

The orientation of
-OTBS is modified

25



@ Total synthesis towards (+)-mannolide B
Complement 3: Selecti\fities in BCS _reaction

1,2-migration

concave face

\ O,Sc

TBSO, 7 TMSCHN,
—_

convex face

H H

The orientation of
-OTBS is modified

antiperiplanar
\- bond migration

: 1,2-migration
—_— o% - >

Tsuyoshi Watanabe. et, al. Tetrahedron. Lett. 1999, 2359-2362 26



@ Total synthesis towards (+)-mannolide B
Complement 3: Selectivities in BCS reaction

concave face

\ sc ScO
o TBSO ™S
TBSO, 7 TMSCHN, or
HY\ H N,
\—  convex face b \—
H

H H

The orientation of
) -OTBS is modified

antiperiplanar
\; bond migration
/ 1,2-migration
’ —>
)
‘0 ™S
N;
OSc
™S, ® O H
Ph o Ph /Sc Ph H>=N=N
Me)l:/l/ = VC - N S e
Me m-l_ ® O \o’ ¢
N=N
85 85-a ™S 85-b

Me H TMS
Ph Teell e.,, o)
. ~ ~— & “r

H TMS Me e

Ph TMS N,
\/ steric replusion
minimized

Jason S. Kingsbury. et, al. Org. Lett. 2010, 12, 3598-3601 27



@ Total synthesis towards (+)-mannolide B
Third endeavor:

MeOOC

coome 98 ) 0/5
\/\(J MeOOC, O 6. HGHI, DCM, 40 °C
) . g

0,
o 93% » MeoOC,

h We've mentioned > . 5. LDA, 68, THF/HMPA y -
— above -60 °C to rt, 88% d.r. = 10:1 7. TMSOTHf, collidine
o — : < / Y ‘ DCM, 0 °C
OTBS OTBS

methyl jasmonate 8. Bestmann reagent

1]

4 steps

67 70 H éTBS K,CO3, MeOH, 85%
o]
J/ \\ 10. K;050,2H,0  MeOOC, MeOOC,
(o) . R MgBr NMO, acetone/H,0 . 9. Co,(CO)g 2
. 12. =/ 85% <ol 1t then 75 °C AN
. CuBreMe,S, THF 11. BzCl, Et;N, DMAP \ 82% ‘
BZO“ . : -30 DC, 92% DCM, 90% H . H o) H v
13. Sc(OTf H : Ho brEs X
- Sc(0Tf); OTBS OTBS
TMSCHN, 74 72 71

4 AMS, DCM, 60%

14. 03, DCM, -78 °C
15. NaClO,, NaH,PO,
2-methyl-2-butene
t-BuOH/THF/H,0, rt
then TMSCHN,, 0 °C
85% for 2 steps

o
! 18. NaBH
S¢NJ< o/ll., .COOMe amra

MeOH/THF
‘Me T0ec, 70%

17. AlMe,,
Ni(acac),, 75%

BzO"
19. K,CO;
MeOH/THF

rt, 70%

22. TsNHNH,

PPTS, AcOH, tol
23. NaBH,CN, AcCl 21. Ac,0, CHy(NMe), 20. DMP, DCM
then Et;N, MeOH DMF, 100 °C 95%
B e —
24. TBAF, THF
42% for 3 steps
81 80 79

(+)-mannolide B
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