Problem Session (4) 23/06/23 Junhao Fu
Topic: Total synthesis of indole diterpenoid natural products

(+)-shearillicine shearinine D: R'=0OH,R%2=H
shearinine G: R',R?=0
Isolation’ Isolation®
endophytic Penicillium sp. endophytic Penicillium sp.
Structural features Structural features
* highly oxidized terminal ring « trans-hydrindane with two vicinal quaternary stereocenters
« carbazole moiety « indole moiety
Biological activities Biological activities
anticancer activity BKc, channel inhibition
Total synthesis? Total synthesis*
Newhouse et al. 2023 <= probelm 1 Carreira et al. 2022 <= probelm 2
Problem 1

(0 E/Z = 5:1 1. CsF (1 2 eq), THF/MeOH (1/1 ), 60 OC,
: 2. Mo(CO)g (1.7 eq), DMSO (10 eq),
toluene, 120 °C, 47% (2 steps);

3. O3, PhSH (1.5 eq), FeSO,4+7H,0 (1.2 eq),
MeOH/CH,Cl, (3/1), =78 °C to rt, 53%;

4.1 (1.1 eq), Pd(OAc), (1.0 eq), AgBF, (1.0 eq),
MeCN, 80 °C, 50%

1-3 1-4
J. Am. Chem. Soc. 2023, 145, 4394-4399.

Mild basicity and high solubility of CsF in MeOH/THF contributes to the effective one-pot deprotection reaction.
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* nonanhydrous/open air
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regioselective oxidation to electron-rich olefin
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migratory insertion
rate-determining step as shown by DFT calculation ‘
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Discussion 1-1: ligand effect on Pd-catalyzed Heck cyclization

entry ligand yield (%)
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m The ligand-free condition and generally utilized ligands all failled to afford 1-4 in ideal yields.
m Compared to the generally utilized ligands, L1 seems to afford higher yield.



DFT calculation: B %
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The results of DFT calculation revealed roughly 5 kcal/mol stabilization effect of TS1-2A than TS1-2B, which
are at the highest energy level and are possibly the energy barrier for this Heck reaction.

Rationale for the difference in enerqgy of the two TSs:

1. Electron density of phosphine ligand

Comparing to the triarylphosphine ligand PPhg, the two electron rich alkyl {-Bu substitutions of L1 greatly contributes
to the stabilization of the cationic Pd center.

2. Ligand-substrate London dispersion forces: formation of instantaneous dipoles that attract each other®
(proposed by the author, minor effect)

Liu, P. etal. J. Am. Chem. Soc. 2017, 139, 16548-16555.
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Except for extreme cases, linear correlation between AE* and AE;jqt.space is Observed. Through-bond interaction and
steric repulsion are insignificant in this case.
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TSs of Heck reaction of this problem (dispersion forces shown in green):

a. total stabilization: —3.9 kcal/mol b. total stabilization: —2.8 kcal/mol
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Since London dispersion forces contributes to only 1.1 kcal/mol stabilization effect, the major contribution seems to
be originated from the electronic properties of the ligands as stated above.

3. Counter anion-ligand/substrate interaction

Due to larger steric repulsion, acetate anion coordinates more distantly from Pd center in TS1-2A than in TS1-2B,
allowing more counter anion-ligan/substrate interactions that stablize the transition state.




Problem 2

1. Rhy(OAC),4 (4 mol%), CH,Cl,, reflux, 74%, dr > 10:1;
2. NaNpe (approx. 2.0 eq), t-BuOH (0.5 eq),
then isoprene (41 eq), HMPA (6.5 eq),
Comin’s reagent (1.7 eq)

THF, =78 °C to 0 °C, 57%;

. 0s04 (10 mol%), (DHQ),PHAL (15 mol%),
K>CO3 (3.0 eq), KsFe(CN)g (3.0 eq),
MeSO,NH, (3.0 eq),

21 then K,CO3 (3.0 eq), KsFe(CN)g (3.0 eq),

t-BuOH/H0 (1/1), 0 °C, 57%, dr > 15:1

Angew. Chem. Int. Ed. 2022, 61, e202112838.
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Discussion 2: face selectivity of Sharpless asymmetric dihydroxylation
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Achmatowicz rearrangement
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Discussion 2: face selectivity of Sharpless asymmetric dihydroxylation
sterically hindered attractive aromatic interaction
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L m The aromatic interaction between furan and quinolin rings is attractive
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