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1. Introduction



Introduction——Isolation

YA B

Representative cembranoid diterpenoids (Fa¥AkE %)

MeO,C O EO'

HO

Rameswaralide

Intricarene

Havellockate

Ineleganolide

Representative norcembranoid diterpenoids (F&PGHA%E—mE)

Sinulochmodin C Scabrolide A

Yonaolide

1) Craig, R. A., II; Stoltz, B. M. Chem. Rev. 2017, 117, 7878—79009.




Introduction——Biosynthesis

Representative furanobutenolide-derived norcembranoid

Ineleganolide Sinulochmodin C Scabrolide A Yonaolide

oA

CHj

(@)

Norcembranoid
Scaffold

Sinuleptolide 5-Episinuleptolide

1) Craig, R. A., II; Stoltz, B. M. Chem. Rev. 2017, 117, 7878—79009.



Introduction——Biosynthesis

Proposed biosynthesis of norcembranoid

Michael Michael
_addition _addition _&limination
-H,0
Sinulochmodin C Scabrolide B
H olefin
i . isomerization
; v
i OH O o
; Michael Michael H3Cu,
e addition _addition_
'Hzo "f,
0 HsC
Ineleganolide Scabrolide A

1) Li, Y.; Pattenden, G. Nat. Prod. Rep. 2011, 28, 429—-440.



Content

2. Total Synthesis of Scabrolide A

Vv Brian M. Stoltz (2020)
V' Alois FUrstner (2022)
Vv David Sarlah  (2023)



Introduction of Scabrolide A

Scabrolide A

YA T

B & [5-6-7T1 4k =F

B ot ERER

B 6T

W N S TP A
B REEAS

1) Kim, Y. H. et al. Bioorg. Med. Chem. Lett. 2013, 23, 228-231.

[7,6,5,5]-tetracyclic core

IS -

RSN E PN R
XFIL-6 (1C,=69.85 + 4.11
uM)ATIL-12 (1C5,=23.52 =+
1.37 uM) FHIHIER, B
BIBAERTH RAEA




First Total Synthesis of Scabrolide A——Stoltz (2020)

Retrosynthetic Analysis

1) Hafeman, N. J.; Loskot, S. A.; Stoltz, B. M. et al. J. Am. Chem. Soc. 2020, 142, 8585—8590

L. OH O . )
po g Q 0 Oxidative e ] H LN Hydrosilylation/
= fragmentation . [2+2]
\) A =
7 H < 3
Y, o) S
[~ o i
0o H;C H3C/\
Scabrolide A 2.1, R = OH .
22 R = Si(CHy,Ph ~) Tamao-Fleming
Esterification/
- Diels-Alder/ X
9 . . OH
Oxidation HsC, CcH
S X ‘4, 3
/) + “/
e I Brian M. Stoltz
CO,H
2-3 2-4 2-5



First Total Synthesis of Scabrolide A——Stoltz (2020)

Preparation of dihydroxyvinylcyclopentene 2-4

nicn §TBS 1. VinyiMgBr Honl oo 2LTMPTESCI o 700 4.NaBH, CeCle7H,0 o 7"
y, CuBreDMS, TMSCI o I~ THF, -78°C y, NS MeOH, -78 °C o y, X
HMPA/THF, -78 °C 3. DDQ, HMDS 5. TBAF, THF, 60 °C
4 PhMe, 23 °C & H
2-6 64% yield 2-7 55% yield 2-8 78% yield 2-4
9:1dr over 2 steps over 2 steps
>20:1 dr

Preparation of ynoic acid 2-5

Wittig reaction Corey-Fuchs homologation Corey-Fuchs homologation
o) Br Br ™S %
1. Br,CHPPh,Br | 2. "BuLi, THF, -78 °C A .
H '‘BuOK H then TMSCI, —78 °C to 23 °C 3. CBry, PPhg, CH,Clp, 0°C v, CHs
‘e, CH3 o o > CH > “ CH3 - ,"/
'n/ THF, 0°C to 23 °C “ 3 then HCI "’"/ 4. "BulLi, THF, -78 °C
"/ H,O/THF/Dioxane, 23 °C then CO,, -78 °C to 23 °C | |
HsCO”™ ~OCH3; H,CO” “OCH,3 0~ H then TBAF, 23 °C
’ CO,H
2-9 2-10 2-11 2-5
71% yield 73% yield 41% yield
over 2 steps
10

1) Hafeman, N. J.; Loskot, S. A.; Stoltz, B. M. et al. J. Am. Chem. Soc. 2020, 142, 8585—8590.



First Total Synthesis of Scabrolide A——Stoltz (2020)

Failed photocycloaddition

Esterification/

I |3:“h 4

T

6. DIC, DMAP
CH,Cl,, 0 °C

a1 -
7.140 °C
I | xylenes

CHs

.....

59% yield
over 2 steps
>20:1 dr

10. IBX
MeCN, 50 °C
>

12°. hv (350 nm)
PhH, 23 °C

11", Ph(CH,),SiH CHs

[RuCp*(MeCN)3]PF6
CH,Cl,, 0 °C 0O

2-14

65% yield
over 2 steps

8. VO(acac),, TBHP
CH,CI,/PhH, 23 °C

9. Cp,TiCl,, Mn®
collidineeHCI
1,4-CHD
THF, 23 °C

81% yield
over 2 steps
>20:1 dr

1) Hafeman, N. J.; Loskot, S. A.; Stoltz, B. M. et al. J. Am. Chem. Soc. 2020, 142, 8585—8590.

>

OH

2-13

Ph(CH3),Si

217

|IIICH3

11



First Total Synthesis of Scabrolide A——Stoltz (2020)

11. m-CPBA HaCon,
CH2C|2, 0 to 23 °C

' o
"/CH3 12. Ph(CHy),SiH
[RuCp*(MeCN)3]PF6

0 CH.CI,, 0 °C

2-3 74% yield
over 2 steps

Elimination
-

Scabrolide A 2-22
61% yield

13. hv (350 nm), PhH, 23 °C

1T
T

H3CI/,,

2-18

Fragmentation/
recombination
-

14. Cp,TiCl,, Mn?, collidineeHCI o)

1,4-CHD, THF, 23 °C 0 til—i/
OH
HsC

>

T
1y,

70% yield 2-19
over 2 steps . Flomi 15. Hg(OAc),
an;?(?c;atl?:l?‘lmg AcOOH/ACOH, 23 °C
16. 0-NO,PhSeCN
Grieco "BusP, THF, 23 °C
dehydrotion |thenH;0,,0°Cto23°C
43% yield
— over 2 steps
OH
H3CI/,, |;|
17. Cul, NIS -
PhMe, 90 °C . OH
OH \/
O
i HaC™ X
2-20

1) Hafeman, N. J.; Loskot, S. A.; Stoltz, B. M. et al. J. Am. Chem. Soc. 2020, 142, 8585—8590.
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Total Synthesis of Scabrolide A——FUstner (2022)

Retrosynthetic Analysis

Q OH Biomimetic Late-stage
\ rearrangement oxidation
> >
O
0/7—
Scabrolide A
0 Sigmatropic
rearrangement
+ &
OH
2-27

1) Meng, Z.; FUstner, A. J. Am. Chem. Soc. 2022, 144, 1528—-1533.

Alois FUrstner
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Total Synthesis of Scabrolide A——FUstner (2022)

Preparation of cycloheptene 2-34

Tiffeneau-Demjanov

4. TMSOCH,CH,OTMS, TMSOTf
CH,Cl,, —78 °C to —20 °C

Rearrangement ® _n ]
NE:
Q 1. TMSCN, NMO, CH,CI, G Co Q
2. LiAIH,, Et,0, 0 °C
—
3. NaNO,, aq. HOAc, 0 °C
71% yield - _
(R)-Carvone over 3 steps 2-28 2-29
6. "BulLi, 2,2,6,6-tetramethylpiperidine ’/\O 7". (i) MsClI, EtzN
Et,AICI, toluene, 0 °C © CH,Cl,, 0 °C
-
.................. (ii) ag. NaHCO3, 20 °C
Y ' quant. ""OH 44% yield
N’ \\ :
5 2-32
231 ;

1) Meng, Z.; FUstner, A. J. Am. Chem. Soc. 2022, 144, 1528—-1533.

'
5. m-CPBA, CH,Cl,, —20 °C

77% yield
over 2 steps 2-30

OH

2-34



Total Synthesis of Scabrolide A

—F Urstner (2022)

Preparation of bicyclic lactone 2-26

Diels-Alder reaction

OTBS

1. 1,3-butadiene
AICl;, toluene

H\ 0TBS
7 >
e

S
$ B —

2-40

H OTBS
(\
< 5 U
=
0]

Oun

r

JOTBS 2. L-Selectride

i [ H
H\.0TBS 3. (i) O3, CH,Cl, Os -, OTBS
THF, -78 °C (ii) PPhy
> ~
69% yield H OH & x__oH
over 2 steps -
2-36 2-37

_ Grieco dehydration

H \ OTBS _

5. 0-NO,PhSeCN HO N 4. (i) PCC, CH,CI,

"Bu,P, THF 4AMS, 0°C

S €
then H,0,, 0 °C to 23 °C “%é (ii) NaBH,, 0 °C
0
. 44% yield
88% yield 9.39 °y

over 3 steps

1) Meng, Z.; FUstner, A. J. Am. Chem. Soc. 2022, 144, 1528—-1533

15



Total Synthesis of Scabrolide A——FUstner (2022)

Failed Ireland-Claisen rearrangement (\O

H \ oTBS
p 6'. (i) NaOH, MeOH
(ii) TBSCI, DMF, imid.
:

6 7" 2'34, DCC, Et3N, DMAP, CH2C|2 “\\\\ or LIHMDS, TMSCI, THF, -78 °C to 70 °C
TBso:--.O\

O
)§ KHMDS, Et;N, TMSCI, THF, -78 °C to 70 °C
©) N
7< >

~

7. (i) 2-43, AgBF,,

6. LIHMDS, MeSSO,Me S, 2,6-di-tert-butylpyridine, MeCN
_78° _30° ii) ‘BuOK, MeCN
2.26 THF, -78 °C to -30 C> (i)

MeS EETEEEPELPY PEPEPEEEPED
o/ i . ’/\O E
95% yield : 0o :
2-42 E i
: I
; 2-43 :

8. TBAF, THF, reflux

2-46, 33% yield
2-47, 31% yield
over 3 steps

2-47 2-46
1) Meng, Z.; FUstner, A. J. Am. Chem. Soc. 2022, 144, 1528—-1533.



11. Montmorillonite K-10, CH,Cl,

12. VO(acac),, TBHP
4 A MS, toluene, 0 °C to 20 °C

Total Synthesis of Scabrolide A——FUstner (2022)

End game
9. (i) "Bu3SnH, AIBN 10. HG-II
toluene, 85 °C toluene, 100 °C -
(if) DBU, MeCN, reflux
61% yield
over 2 steps
2-47 2-48 2-49
0 0]
16. K,CO4 WOH
13. Et3;N, CH,Cl, 15. DBU, 0 °C MeCN, 40 °C
> -
14. 1BX, MeCN, 50 °C 7 a3
%0
quant. quant. O/?—
Nominal Scabrolide B Scabrolide A
17

45% yield
over 4 steps

1) Meng, Z.; FUstner, A. J. Am. Chem. Soc. 2022, 144, 1528—-1533.



Total Synthesis of Scabrolide A——Sarlah (2023)

Retrosynthetic Analysis

OH O o TBSO
H3Cu,,, . . H3Cy,,,
. y-oxidation .

“— Contra-conjugative
0 pd isomerization

Coupling

)

7

1,4-addition_

>
% Elimination
[~

O HsC

2-55

1) Serrano, R.; Boyko, Y. D.; Sarlah, D. et al. J. Am. Chem. Soc. 2023, 145, 8805—8809.

David Sarlah

18



Total Synthesis of Scabrolide A——Sarlah (2023)

Preparation of Bicyclic lactone 2-61
OTBS
HSCII,,

TBSO
\ 7 Ni(cod),, P(m-Tol), Et;B HoCon ]
+ r

75% yield
d.r. =20:1
2-56

TBSO
HSCII,,
2. SeO,, TBHP

lIIIOH

o H

65% yield

n
(3]
~
@)
T

3. RuCly, NalO,| 81% yield

TBSO
4. NaBH,, then HaCor,
2 M Citric acid

QL

CO,H

60% yield
over 2 steps

£

@)
Tun

Preparation of cycloheptenyl 2-65

2-59
o

H, OH

1.1,, DMAP | 3. NaH, PMBCI 4. 'BuLi, Bu;SnCl
> > >
2. NaBH4, CeC|3
T H TH
PN 11% yield, dur. = 51 2N 49% yield
2.62 over 2 steps 2.63 2.64 over 2 steps

2-65
1) Serrano, R.; Boyko, Y. D.; Sarlah, D. et al. J. Am. Chem. Soc. 2023, 145, 8805—8809.

19



Total Synthesis of Scabrolide A——Sarlah (2023)

Liebeskind-Srogl coupling

H OPMB
- R 6. Pd(dba);
ol CuDPP, P(o-furyl);
+ >  TBSO
pd H A\
: HaC
Za
2-65

Pd' Pdl\l o) //O
S 7N
Ph
T.M.
CuSPh
+ /Rz
o /? Bu38n
YN
BU3Sn T\Ph
Ph

1) Serrano, R.; Boyko, Y. D.; Sarlah, D. et al. J. Am. Chem. Soc. 2023, 145, 8805—8809.

20



Total Synthesis of Scabrolide A——Sarlah (2023)

Formation of C;,/C43; and Oxidative decoration

Addition/Elimination _ _
PMBO,,, TBSO O
0 H HsCr,] H
/// 7. LDA, Znl, 8.DBU, O,
—» ——————————————————
TBSO ‘ P(OMe),
HsC™ \__ o —
g O 53% yield O HsC 59% yield
d.r. = 20:1 dr. =20:1 — -
2-53 2-66 2-67 2-68
\N/ \@/ : .
- d sl 9. PCC, SiO, | 70% yield
| | TASF .
o)
\(\: _OH
r\
TBSO o =0
o)
13,37 | Hscu] B Py

10. TASF, H,0
-

42% yield "74
S HsC
Scabrolide A 2-69

1) Serrano, R.; Boyko, Y. D.; Sarlah, D. et al. J. Am. Chem. Soc. 2023, 145, 8805—8809.
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3. Total Syntheses of Sinulochmodin C and Ineleganolide

Vv John L. Wood (2022)
Vv Brian M. Stoltz (2023)
Vv Zhang Hongbin (2023)

22



Introduction of Sinulochmodin C and Ineleganolide

Sinulochmodin C

it Pk

B & 1[5-6-7]. [5-7-6]=3%F
46 Je F1 70 N BEFA

W B 3 PY SRR PR

B 2N BTG

B R EN AN

1) Baker, B. J. et al. J. Nat. Prod. 2018, 81, 117-123.

Ineleganolide

I

A A = R R B
T B E FH(1Cs,=4.4
uM), %t P-388 4 fitu % 7744
AR U B EDg=
3.82 ug/ml) -

2) Chiang, M. Y. et al. Tetrahedron Lett. 1999, 40, 6033-6035.

23



First Total Synthesis of Ineleganolide and Sinulochmodin C——Wood (2022)

Retrosynthetic Analysis

0]
HsC
> transannular
Michael
or R >
H\
b =
H;C
Sinulochmodin C Ineleganolide 31
Furan oxidation/ TBSO§™ NHK

oxa-Michael

H
\ CHs
3-2
5-exo-trig
radical John L. Wood
Aldol cyclization =~ "%, /78S EO)—\
) > +
’ ’ D / OTIPS

@)

3-5 3-6

1) Tuccinardi, J.; Wood, J. L. J. Am. Chem. Soc. 2022, 144, 20539—-20547. -



First Total Synthesis of Ineleganolide and Sinulochmodin C——Wood (2022)

Preparation of bicyclic lactone 3-4

_ HsC, 0TBS 2. LITMP, TESCI . orgs 4.NaBHy, CeCl3e7H,O0  H,c o7RS
J 1. "BuLi, THF, —-78 °C to 0 °C % THF, -78 °C g MeOH, -78 °C to 23 °C 2
| > wa > a > a
(0] OTIPS then Cul, DMS, -78 °C o OTIPS 3. DDQ, HMDS e} OTIPS @) OTIPS
then BF ;0OEt,, then 3-5 0O PhH, 23 °C © HO
3-6 3-7 3-8 3-9
74% yield 71% yield 91% yield
' HsC_ OTBS! over 2 steps |
/l/:; [ TBSO” l ]
s
R R RERECRCEEEE : 5-exo-trig radical 3-10
cyclization
H3C, OTBS
7. TIPSCI, imid. 6. AIBN, "Bu;SnH g
CH,Cl,, 23 °C PhH, reflux 7]
oTIPS — - 0 oTIPS
8. TPAP, NMO then TBAF 0 5. 2 oTBsS
CH,Cl,, 23 °C THF, 0 to 23 °C P
TBSO NIS, CH,Cl,, —20 °C
3-4 69% yield 3-12 65% yield 3-11
over 2 steps over 2 steps

1) Tuccinardi, J.; Wood, J. L. J. Am. Chem. Soc. 2022, 144, 20539—-20547. 25



First Total Synthesis of Ineleganolide and Sinulochmodin C——Wood (2022)

Preparation of NHK macrocyclization precursors
9. LIHMDS, THF, -78 °C

O S OAc
3-13

10. TBAF, THF, 0 °C

3-4 3-14, B-OH

35% yield
over 2 steps

12. NBS, PPhs, CH,Cl,, —20 °C
then TESOTF, -20 °C

3-16, B-OH
65% yield

3-17, 0-OH
71% yield

1) Tuccinardi, J.; Wood, J. L. J. Am. Chem. Soc. 2022, 144, 20539—-20547.

Anelli oxidation

11. TEMPO, PIDA, CH,Cl,
then K,CO;, MeOH, 23 °C

>

3-15, a-OH

17% yield
over 2 steps

H3C, OTBS

OTES

3-18, B-OH
72% yield

3-19, a-OH
76% yield

26



First Total Synthesis of Ineleganolide and Sinulochmodin C——Wood (2022)

NHK macrocyclization

13. CrCl,, 4 A MS, THF, 23 °C

X
Y

14’. BF30OEt,, Et;SiH
CH,Cl,, —40 °C

OTES

50% yield
over 2 steps

HsC, OTBS
15°. ACZO, Et3N
He,, O 13.CrCl,, 4 AMS, THF, 23 °C DMAP, CH.Cl,
>
O 14. BF30OEt,, Et;SiH 16" TBAF
™ Br CH,Cl,, -40 °C THF, 65 °C
O " Gtes then TBAF, THF
3-19, o-OH 61% yield 3-21 66% yield 3-22
over 2 steps over 2 steps

1) Tuccinardi, J.; Wood, J. L. J. Am. Chem. Soc. 2022, 144, 20539—-20547. o



First Total Synthesis of Ineleganolide and Sinulochmodin C——Wood (2022)

End game
CHs

TBSO_£Me

TBSO

Ly

17. Ac,0, Et;N, DMAP  HO

15. DMP, CH,Cl,, 23 °C> CH,CI,, 23 °C o
H™ 16. NaBH,, CaCl, R "/ 18. TBAF, THF, 65 °C " "/
MeOH, 0°C
O O
90% yield 78% yield
3-21 over 2 steps 3-23 over 2 steps 3-24

19. O,, RB, hv
CH,CI,/MeOH, -78 °C
then DMS, -78 °C to 0 °C
then TsOH, CH,ClI,, 23 °C

20. LiHMDS
- THF, -78 °C

88% yield
46% yield
~3:1

Sinulochmodin C Ineleganolide

1) Tuccinardi, J.: Wood, J. L. J. Am. Chem. Soc. 2022, 144, 20539—20547. 0



Total Synthesis of Ineleganolide

Retrosynthetic Analysis

Stoltz (2023)

Semipinacol ™,

)
rearrangement

convergent 0 O
coupling ..

1,4-addition

AN

)

"/ Aldol addition

1) Gross, B. M.; Han, S.;Virgil, S. C.; Stoltz, B. M. J. Am. Chem. Soc. 2023, 145, 7763—7767.

Brian M. Stoltz

29



Total Synthesis of Ineleganolide

Preparation of bicyclic enone 3-29

Matteson epoxidation
OTBS

I/,,"

1. CH,Br,, "BulLi

o) THF, -78 °C to 23 °C
o

Stoltz (2023)

OTES
3-30 72% yield
7 steps from
(R)-linalool
0]
o CH,CI,, then Et;N
- 2Vl 3
9. HF (aq), THF
OH ,
58% yield
3-29 over 2 steps

OTBS o OH
Il,“' 'l[,"
2. TBAF, THF, 60 °C
>
3. TBSCI, imid,
OTES DMAP, CH,CI, OTBS
3-31 56% yield 3-32

over 2 steps

OH

o 7.PPTS, EtOH  nu»
-

OTES

OTBS ) OTBS
76% yield
3-35 3-34

oH HQ
O 4. Mgl, h,,
THF, 40 °C
| oTBS
3-33
5. TESCI, Imid, CH,Cl,
-

1) Gross, B. M.; Han, S.;Virgil, S. C.; Stoltz, B. M. J. Am. Chem. Soc. 2023, 145, 7763—7767.

6. NaH, THF

65% yield
over 3 steps

30



Total Synthesis of Ineleganolide Stoltz (2023)

Convergent coupling and formation of C;,/C4, & C,/Cg

o)
o 10. Ph3PO, (COCI), then DIPEA, CH,CI,
Ph| /\ 0 then 3-29 Ph O ~30 °C to -78 °C
Ph” Gl . Ph{| >
@ Cl . “, /P\ ",
HO '”/ Ph” @0 n/

87% yield

3-37 3-38
3 steps from ' '
(S)-norcarvone

o) 11. DMF
120 °C
then DBU

1 (
1 84% yield

1) Gross, B. M.; Han, S.;Virgil, S. C.; Stoltz, B. M. J. Am. Chem. Soc. 2023, 145, 7763—7767.

31



Total Synthesis of Ineleganolide Stoltz (2023)

12. TESCI, imid
THF, 60 °C

13. Smly, H,0
THF, -78 °C
-

13. Smlz, H20
THF, -78 °C

1) Gross, B. M.; Han, S.;Virgil, S. C.; Stoltz, B. M. J. Am. Chem. Soc. 2023, 145, 7763—7767.



Total Synthesis of Ineleganolide Stoltz (2023)

End game
14. DBU 15. Ac,0, Et;N
0,, C¢Hg DMAP, CH,CI,
— 7 >
n/ 85% yield
67% yield —
3-47 3-48 3-49 3-50
16. Sm|2

THF:NaOH (1M)
(8:1), —78 °C to 23 °C

45% yield

Ineleganolide

1) Gross, B. M. Han, S.:Virgil, S. C.; Stoltz, B. M. J. Am. Chem. Soc. 2023, 145, 7763—7767. ”



Total Synthesis of Sinulochmodin C——Zhang (2023)

Retrosynthetic Analysis

o Transannular oH O
Late stage =~ Hg O oxy-Michael ¢, i H 0
conjugate addition ~S addition :
\) \)
'l’, H\\‘ H\\\
=
H O @]
Sinulochmodin C 3-54 3-55
Double
Michael
additions
o)
@ RQ Nucleophilic T,'?SO
3-60 ) addition
¥  — \\_/ e \ (
OEt
Yores Zhang Hongbin
O OTBS
3.59 3-58 3-57

1) Zhang, Y.; Du, S.; Zhang, H. et al. Angew. Chem. Int. Ed. 2023, e202315481. ”



Total Synthesis of Sinulochmodin C——Zhang (2023)

Preparation of cyclopentene 3-58 and cycloheptene 3-66

AcQ 1. TBSCI, imid, THF QO 4.1, DCM QO } OH
2. K2C03, MeOH Pyridine (21) 5. MeMgBr, THF, r.t. “
r y
3. IBX, MeCN 0°Ctor.t.
TBSO TBSO TBSO
95% yield 90% yield 61% yield
3-61 over 3 steps 3-59 3-62 3-58
Ph_ Corey-Bakshi-Shibata reduction
o) 0 N OH HO
2. Cat. (2 19 —.
1. Br,, Et;N, DCM> By H Cat. (20 mol%) _ B
0 °C to r.t. B(OMe); (20 mol%)
BH;ePhNEt,, THF, r.t.
3-60 3-63 84% yield, 97.5% ee 3-64
PMBO 4. "BulLi, THF PMBQ
> then DMF, THF, -78°C ./ 3. NaH, PMBCI, TBAI, DMF
O/ € -
/\O 87% yield \O 94% yield
3-66 3-65

1) Zhang, Y.; Du, S.; Zhang, H. et al. Angew. Chem. Int. Ed. 2023, e202315481.
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Total Synthesis of Sinulochmodin C——

Zhang (2023)

Preparation of the [7,6,5,5] tetracyclic ring skeleton

OPMB " OH | 6. CHsLi, "BuLi
THF, -78 °C
7. IBX, DMSO
TBSO TBSO
3-66 3-58

TESO H OTES

3-71 3-70

11. DDQ 12. MsCl 13. (i) MTBD, MeCN
DCM/H,0 (10:1) pyridine (ii) TESOTf, Et;N, DCM

80% yield
over 3 steps

1) Zhang, Y.; Du, S.; Zhang, H. et al. Angew. Chem. Int. Ed. 2023, e202315481.

(ii) TESOTf, Et;N, DCM
—

QPM
’h,, I,,
Q)‘\O 8. Et;Ne3HF

85% yield HO
over 3 steps 3.68

9. CICOCH,CO,Et

78% yield
Pyridine, DCM

10. (i) MTBD, MeCN

H“‘O b OEt

3-70, 46% yield \[(\ﬂ/
3-71, 6% yield o) O
over 2 steps 3-69

| E
. _N N !
Yy
: E/N\J :
:  MTBD
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Total Synthesis of Sinulochmodin C——Zhang (2023)

The wrong C4 configuration

16. InBrs, Si(OEt), O 0" O'mr
NaHSO,, DCM/TFE

14. NBS, acetone
then Ag,0 H

acetone/H,0 (10:1)
>

OH
15. IBX

MeCN, reflux
>

64% yield 72% yield
over 2 steps -

Saegusa reaction

19" Me3SnOH 18 )\M 5 17. EtzN, TBSOTf
DCE, 80 °C ' 9=t DCM, rt.
- -
2-Th(CN)CuLi, THF then Pd(OAc),
DMSO, O,
1 -Sinuloch in G 86% yield 87% yield 87% yield
-epi-Sinulochmodin >20:1 dr 3-76 over 2 steps 3-75

37

1) Zhang, Y.; Du, S.; Zhang, H. et al. Angew. Chem. Int. Ed. 2023, e202315481.



Total Synthesis of Sinulochmodin C——Zhang (2023)

Reverse the C, configuration

Saegusa reaction Mukaiyama hydration

H3C

19. Et;N, TBSOTf 20. PhSiH3, Mn(dpm)3, O,

DCM, rt. EtOH/DCM (4:1), then Pd/C, H,
> >
then Pd(OAc), n
DMSO, O,
O HsC
64% yield 84% yield
3-77 over 2 steps 3-78 3-79 3-80
22. Me3;SnOH | 65% yield
DCE, 80 °C | over 2 steps
OH O o)
H3Cu,, K,CO, 23. Burgess reagent
MeCN - DCE, 80 °C
o) = 42% yield 54% yield
0 HsC
Scabrolide A Sinulochmodin C 3-81

38

1) Zhang, Y.; Du, S.; Zhang, H. et al. Angew. Chem. Int. Ed. 2023, e202315481.



4. Summary

Content
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Stoltz, B. M. : 17 steps  First total synthesis

Scabrolide A

/A\
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Ineleganolide

Sinulochmodin C

Wood, J. L. : 20 steps

Zhang, H. : 23 steps

oy O QPMB

H3Ch,
TS Y

5 WOEt

O O

First total synthesis

41



Thanks for your kind attention!



Jah B R Tk AL B =

RO
DDQ path a (R;Me3Si)
-
-DDQH " + -DDQHS i
path b
(R=Me) ~DDQH,
MeO
DDQ
~DDQH,,
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Corey-Fuchs reaction

Generation of the phosphorous ylide:

Reaction of the phosphorous ylide with the aldehyde:

@
”~ 8r—PPh oo
BryC Bre/ PPhy + . — o ‘I)Phs
-oB iy
" r °

R ,3
R 0o R R H
Br Br -~ —~—
e H 0 - PhyP=0 c
Br Br Ph; Br PPhy "
yhde Br By Br Br
dibromoolefin
Conversion of dibromoolefin to terminal alkyne:
Ho _R )
Li® o
o f - n-BuBr ue H~c-R  _pBuH C
n8u: R ) S — n/“
BrA " Br R §
Li Br Li
dibromoolefin lithium acetylide
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Ti-#EALFRE T

b

0
2 /\i
Ph
+
@ CICp,TiO

CICp,TiO

2 Cp,TiCl
.
Ph .

2 /\;l\
Ph

H

2 base*HCl HO
” /\/’\l\ + 2 Cp,TiCl
Ph -

H

2 Cp,TiCl, — = 5 Cp,TiCl + MnCl,
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Alkyne Hydrosilylation Catalyzed by
[Cp"Ru(MeCN),]PF;
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Tamao-Fleming oxidation

H - PhH s
R
R M N - = Si
; R X
R
| K
R X H* R L‘/ 0 OAC
b (SRR~ S
0. %4
Q
}{1 SIHOMe) X
2 :
LT T

r
g ]
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0
OH'J H

HgCh.

B BRE[6-4 R E1

\/’,
SIVA

I

O
.-ooo H
Coay V N
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Grieco dehydration

"El.lgp: E]F"El.l:.l
) —- ArE-E—EJF‘fﬁ\ - HEH f\vfé

ArSe-CN
SeN

) H%EE“AI’ oxi.

H”_ -0 ArE-e }
H’b‘\{?,?w S R

syn-elimination
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RuCl,/NalO, oxidation

Ry o, P
e G
r\.o \\0

R3

o
0

Pericyclic reaction
(3+2]

7
\\O

Ru
HO OH

N\
o

/Ru\\
R; 0 0
HO OH
104
R1 RZ 0 0
\\Ru/
/
10 HO \OH
0 0
R _H H R -
o\\Ru //o
7 A 103
o/ Yo
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apiek ke

(E)-FI45 3R

LIHMDS
- -

THF, -78°C
(60% yield)

OTIPS  g,0H, DIAD
:

PPhs, THF, 0 *C

(79% yield)

Ac,0, Et;N TBAF
THF, 65 °
DMAP, CH,CI, ¢
(83% yield) (80% yield)
36
0,, RB
T
hv, CH,Cl,/MeOH
-78°C

then DMS, 78 to 0 °C
then TsOH, CH,Cl;, 23 °C

(83% yield)

13-epi-sinulochmodin C (39) 13-epi-ineleganolide (40)
(=3:1)

51



Furan oxidation

2 R3 -
AT 0., ROH M:‘
4 2  mm=eeesme- - 5
SRR “RsﬂR (4+2] R‘% -
A < :§’H B -
R
E Intermolecular
! nucleophilic
i opening
R OH
DI . R
: R* "o R
R Ouo/ R2R T
E C: X=-OR, Y=-OOH
i D: X=-O0H, Y=-OR
' > ROH

¥
O Michael R!
| /\ addition O o
(o) R4 .. H  mrmeeees e R‘ Rs
‘] R 3 R2 R 1



Michael addition and aldol cascade

53



Air oxidation

C-H oxidation

-

DBU-H*

nucleophilic
epoxidation
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Double Michael reaction

Table 1 Studies on the double Michael additions of compound 19

OH O OPMB

Conditions

OSiEt,

Et3Si0 H 0 H ?F‘ME Et4SiO

vl I

TESOTI, Et;N, DCM
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SARGENNRgE

m
!
\

Pivotal axial C-H bond



