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The Scabrolides

Scabrolides A-D isolated from the soft coral
Sinularia scabra by Kuo et al. in 2002

Furanobutenolide-derived C19 polycyclic
norcembranoid diterpenoids

Sinularia scabra
Scabrolide A inhibits IL-6 and IL-12 production

in vitro, suggesting it may be of use as an anti-
inflammatory

Characterized by a fused [5-6-7] framework featuring
6 stereocenters, 5 of which are contiguous

Me (o)

furanobutenolide macrocyclic core Scabrolide B

+CandD

Isolation: Sheu, J.-H.; Ahmed, A. F.; Shiue, R.-T.; Dai, C.-F.; Kuo, Y.-H. J. Nat. Prod. 2002, 65, 1904.
Review of furanobutenolide cembranoids and norcembranoids: Craig Il, R. A.; Stoltz, B. M.; Chem. Rev. 2017, 117, 7878.
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Stoltz Synthesis: Fragment A

Me
Me OH Me 1.0.2 mol% H.G.I ~OTBS
\\ >
™ = Me
then NaH, TBSCI,
THF, 65 °C

Cyclopentenone synthesis: Brill, Z. G.; Grover, H. K.; Maimone, T. J.; Science, 2016, 352, 1087.
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Stoltz Synthesis: Fragment A

Me 1 mol% RUC|3 0H20

Me
Me OH Me 1.0.2 mol% H.G.II ~OTBS Mg(OAC), #4H,0 LOTBS
S tBUOOH
NN Z .
Me
then NaH, TBSCI, CyH, rt
THF, 65 °C o)
vinyIMgBr
CuBreDMS
TMSCI
HMPA/THF, -78 °C
1. LITMP,
TESCI
Me
THF, -78 °C ~OTBS
-
2. DDQ, HMDS
PhMe, rt o)

Cyclopentenone synthesis: Brill, Z. G.; Grover, H. K.; Maimone, T. J.; Science, 2016, 352, 1087.




Stoltz Synthesis: Fragment A

1 mol% RuCls eH,0

Me
Me OH Me 1. 0.2 mol% H.G.II ~OTBS Mg(OAc), #4H,0
S tBUOOH
™ S -
Me
then NaH, TBSCI, CyH, rt
THF, 65 °C
( ) 1. LITMP,
CeCl3* 7TH,0 THF, -78 °C
MeOH, -78 °C
- -
2. TBAF, THF, 60 °C 2. DDQ, HMDS
PhMe, rt
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Cyclopentenone synthesis: Brill, Z. G.; Grover, H. K.; Maimone, T. J.; Science, 2016, 352, 1087.
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Stoltz Synthesis: Fragment B
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Synthesis of ester: Gonzalez, M. A.; Ghosh, S.; Rivas, F.; Fischer, D.; Theodorakis, E. A.; Tet. Lett. 2004, 45, 5039.
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Synthesis of ester: Gonzalez, M. A.; Ghosh, S.; Rivas, F.; Fischer, D.; Theodorakis, E. A.;

Stoltz Synthesis: Fragment B

n-BuLi, THF, -78 °C

1. H*, THF/H,0
2. NalOg4, 0 °C

then HCI

H,O/THF/dioxane, rt
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1. DIBAL-H
CH,Cl,, -78 °C

2. Br,CHPPh,Br
t-BuOK
THF, 0 °C to rt

Tet. Lett. 2004, 45, 5039.
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Stoltz Synthesis: Fragment B
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Stoltz Synthesis: Union of the Fragments
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Stoltz Synthesis: Union of the Fragments
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Stoltz Synthesis: Advancing the Tricycle

Cp,TiCl,, Mn®
colleHCI IBX
1,4-cyclohexadiene MeCN, 50 °C
THF, rt
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[RuCp*(MeCN)3]PF6
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Ph(Me),Si
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Stoltz Synthesis: Advancing the Tricycle
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[RuCp*(MeCN)3]PF6
CH,Cl,, 0 °C




Stoltz Synthesis: Necessary to Block the Alkene
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Stoltz Synthesis: Necessary to Block the Alkene
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Stoltz Synthesis: Key Fragmentation

o Me o Me
'i._ i J.OH 1. Hg(OAc), "1, H '} OH
AcOOH/ACcOH, rt
Ph(Me),Sit 1, HOu.
H 2 H: > - HS
= /7-0 2. 0-NO,PhSeCN ‘ /}—o
1o BusP, THF, rt Me 40
Me'"' then H,0,, 0 °C to rt




Ph(Me),Sit .

~0.36% overall yield

21 steps LL

Stoltz Synthesis:

1. Hg(OACc),
AcOOH/AcOH, rt

y

2. 0-NO,PhSeCN
BusP, THF, rt
then H,O,, 0 °C to rt
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Cul, NIS

y

PhMe, 90 °C




Scabrolide A

Furstner's Retrosynthetic Analysis
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Furstner's Retrosynthetic Analysis

Scabrolide A Scabrolide B

Meng, Z.; Furstner, A. J. Am. Chem. Soc. 2022, ASAPs




Furstner's Retrosynthetic Analysis
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Furstner's Retrosynthetic Analysis

Scabrolide A Scabrolide B
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Meng, Z.; Furstner, A. J. Am. Chem. Soc. 2022, ASAPs
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R-(-)-carvone

Furstner Synthesis: Fragment A

1. TMSCN,
NMO,
CH2C|2, rt
—>
2. LiAlH,
Et,0, 0 °C

N Me
NaNO,,

aq. HOAc, 0 °C
Me

Me

Synthesis of cycloheptanone: Brocksom, T. J.; Brocksom, U.; de Sousa, D. P.; Frederico, D.; Tetr. Asymm. 2005, 16, 3628.
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Furstner Synthesis: Fragment A
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Synthesis of cycloheptanone: Brocksom, T. J.; Brocksom, U.; de Sousa, D. P.; Frederico, D.; Tetr. Asymm. 2005, 16, 3628.
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Furstner Synthesis: Fragment A
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Synthesis of cycloheptanone: Brocksom, T. J.; Brocksom, U.; de Sousa, D. P.; Frederico, D.;

2. LiAlH,
Et,0, 0 °C

1. MsCl, Et3N,
CH,Cl,, 0 °C
-«
2. aq. NaHCOg, rt

0]
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< —=Me
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Tetr. Asymm. 2005, 16, 3628.




Furstner Synthesis: Fragment B
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Cyclopentenone synthesis: Brill, Z. G.; Grover, H. K.; Maimone, T. J.; Science, 2016, 352, 1087.




Furstner Synthesis: Fragment B

1 mol% RUC|3 .Hzo

Me Me
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™ 7 : -
Me
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Cyclopentenone synthesis: Brill, Z. G.; Grover, H. K.; Maimone, T. J.; Science, 2016, 352, 1087.
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Furstner Synthesis: Fragment Coupling
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Furstner Synthesis: Fragment Coupling

Me OTBS DCC, Et;N
= \ cat. DMAP o)

o H > /
. = H
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OTBS
Me -=Me
TBSO OTBS

KHMDS or LIHMDS,
TMSCI, THF, -78 °C to 70 °C




Furstner Synthesis: Backup Plan
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Furstner Synthesis: Backup Plan
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Furstner Synthesis: Completing the Core

1. BuzSnH
AIBN, PhMe, 85 °C
-

2. DBU, MeCN, reflux

X

RCM




Furstner Synthesis: Completing the Core

1. BusSnH
AIBN, PhMe, 85 °C

2. DBU, MeCN, reflux

10% H.G.II

PhMe, 100 °C
-

as above

RCM




Furstner Synthesis: Completing the Synthesis

1. montmorillonite K-10

CHQC'Z, rt

-
2. 10 mol% VO(acac),, tBuOOH,
4AMS, PhMe, 0 °C to rt




Furstner Synthesis: Completing the Synthesis

1. montmorillonite K-10

CH20|2, rt
'

2. 10 mol% VO(acac),, tBuOOH,
4AMS, PhMe, 0 °C to rt

(o) O H Me
n\OH
K,CO3 IBX
- -
MeCN, 40 °C 0: MeCN, 50 °C

Me
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Scabrolide A Scabrolide B




Furstner Synthesis: Completing the Synthesis

19 steps LL
~0.699% overall yield

(o) O H Me
ll‘OH

70
va

Me

Scabrolide A

1. montmorillonite K-10

CH2C|2, rt
'

2. 10 mol% VO(acac),, tBuOOH,
4AMS, PhMe, 0 °C to rt

0 o H Me
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K,COs5 IBX
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/’ (0}
Me Q/—
Scabrolide B




But Wait! The NMRs don't match!

319 3.02 2.75ppm  3.14 ppm
-1¥ PPmM . 2.Ue ppm 41.6 ppm  45.3 ppm
36.4 ppm 43.4 ppm
authentic scabrolide B
synthetic 1

[proposed constitution]
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Final Evaluation

21 steps LL
~0.36% overall yield

|:> first synthesis

Me

19 steps LL
~0.70% overall yield

|:> structure disproved

Me




