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0-2. synthetic strategy
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The total synthesis of illicium sesquiterpenes was taken up in 171222_LS_Kohei_Ogino.
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1

1. CuBr2 (3.0 eq), t-BuOH (3.0 eq), diglyme, 150 ºC
2. KOH (1.0 eq), KOt-Bu (3.0 eq), DMSO, rt
    45% (2 steps, d.r. = 4:1)
3. p-TsOH•H2O (1.5 eq), (CH2Cl)2, 60 ºC,
    (d.r. = 1.4:1)
4. lithium naphthalenide (3.0 eq), THF, −78 ºC, 
    74% (2 steps, d.r. > 20:1)
5. [Fe(mep)(MeCN)2][(SbF6)2] (50 mol%)
    t-BuOOH (3.0 eq), MeCN, rt, 56%
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Discussion 1: reaction mechanisms of C-H oxidation
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3. experiments supporting the mechanisms
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The homolysis of the C-O σ* orbital in a molecule containing hypervalent iodine was observed under photochemical 
conditions by Nemoto(2020).
On the other hand, 2-6 was observed under Suarez condition by Lusztyk(1994).
Thus, path A seems plausible.
However, the decarboxylation (path A’) which leads to the generation of methyl radical is more favored entropically 
and enthalpically than the attack to the iodine (path A).
The methyl radical was observed experimentally by Nemoto(2020) and Itami(2021).
Hence it is not likely that 2-6 is generated through path A.

Path B, in which an iodine radical triggers the homolysis of the C-O σ* orbital in PIDA, is suggested.
This pathway is consistent with the fact that the iodine radical is more reactive with the C-O σ* orbital than with 
the carbonyl π* orbital.
Additionally, the decarboxylation cannot occur in this pathway.
Thus, path B is a more plausible route for the generation of 2-6.
Because the condition is photochemical, the reaction via path A’ can proceed, but it is not the main pathway.
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Discussion 2: regioselectivity of HAT
1. Mechanisms of possible pathways
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When a methoxy group was the substituent at C14, the product of 1,6-HAT was obtained as the major product.

There were 2 hydrogen atoms 
where HAT could proceed.
However, only 1,5-HAT proceeded.
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93%

2. The role of protective group at C14-OH

PhI(OAc)2 (3.0 eq), I2 (1.0 eq), 
hv (visible light), CH2Cl2, 0 ºC
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1. DMDO (1.5 eq)*
2. PhCF3, 170 ºC
3. Me4NBH(OAc)3 (7.0 eq), MeCN/AcOH (3/1), 
    −40 ºC, 64% (3 steps)
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*The detailed conditions are not mentioned in the paper.
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The bond dissociation energy (BDE) of the C-H bond is one of the 
significant factors that determine the selectivity of HAT.
The substituent next to the C-H bond has influence on the strength of 
the C-H bond.
According to Table 1, it is estimated that the C-H bond adjacent to the 
acetyl group is stronger than the one adjacent to the methoxy group.
Thus, the selectivity of HAT when using 2-9 is attributed to the difference 
in BDE between the C-H bond at C4 and that at C14.

Table 1: The difference in BDE due to the substituent
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The difference of stability in the transition state determines the reaction pathway.
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1. result of rearrangement
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Hydrogen bond may activate the ketone and hydroxy group, leading to the rearrangement.
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