Problem Session (5) 2023.7.29. Shu Nakamura
Topic: Use of Diels-Alder adduct
Please explain the reaction mechanism.
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Problem Session (5) -Answer- 2023.7.29. Shu Nakamura
Topic: Skeletal rearrangement from Diels-Alder adduct
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Discussion 1: Spirocyclization and rearrangement cascade
1-1. Spirocyclization - stereoselectivity

From proper face, nitrogen atom can coordinate to Sm(lll).
(Nitogen in carbamate is thought to be pyramidal at the ground state), which would enable the coordination.)

This bond _
should be eclipsed.
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(intermediate to the product) (diastereomer of OSm'!) (opposite face selectivity)

1-2. Rearrangement

BDEs are important for this rearrangement considering the following results of model intermolecular addition.

OH
B ~ B ~
oc N I _~_OH oc N oH
m (4eq) M BocN
n-BuzSnH (4 eq.) R
R Et;B (0.4 eq.), O, R
1-19 CHoCl, 23 °C 1-20 1-21
(not rearranged) (rearranged)
R = SO,Tol 6% 72%
R = CO,Et 24% not obtained
Hodgson, D. M.; Hachisu, S.; Andrews, M. D. Org. Lett. 2005, 7, 815.
and the main paper
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H Rearranged radical 1-23 seemed not to be so favored over 1-22 based on

BDEs, resulting in no generation of 1-21.
-3-



As for this problem, rearranged radical 1-17 seemed to be more stablized than 1-15.
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However, no deuterated product was obtained when the reaction was quenched by D,O and MeQOD.
Therefore, radical 1-17 should be quenched by hydrogen atom abstraction from THF.
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Authors also reported that the yield of 1-3 decreased as the amount of Sml, was reduced.
That observation may be attributed to the reduced efficiency to quench the generated radical from THF.
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For more about aza-Cope/Mannich cascade, see: 080628 PS_Tamaki_ HOSHIKAWA
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Discussion 1: Tricyclodecanes - isomers of adamantane

Many of AH;° (heats of formation) of tricyclodecanes are reported®), suggesting the strain energy of each skeleton.
(Adamantane is most stable among these tricyclic skeletons.)

2
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2-19 has a less stable skeketon, so this rearrangement should convert 2-7 to 2-8 not to 2-19.

Also, electron-withdrawing group is necessary for this rearrangement to 2-8 by increasing ractivity of cation 2-7.
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1-2. Regioselectivity of Mannich reaction (step 4)
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Therefore, most stable 2-4 was obtained.



Discussion 2: Anionic aza-Cope rearrangement

Some atoms and orbitals are named as shown in the right figure for this section.

Negative charge of alkoxide is known to delocalize to o* orbital of a position through hyperconjugation.4)
Therefore, anion of alkoxide 2-12 should delocalize to 6% 3 4), which would accelerate aza-Cope

rearrangement by weakening C3-C4 bond to dissociate in the desired aza-Cope rearrangement.

(Also, delocalization to 0*(3.4) might increase nucleophilicity of 1r(4=,), especially at C1 (due to the charge
repulsion between C2 and C3)) N

o,

—Aza-Cope rearrangement (dissociation of C3-C4 bond) proceeded.
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