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1. NaN(TMS), (1.0 eq), toluene/THF (1/3), —20 °C;
1-3 (2.0 eq), -20 °C to rt;
LiOH (60 eq), 1,4-dioxane/H,0 (1/2), 100 °C

| 70%, dr=1:1.4
2. HfCl, (1.0 eq), CICH,CH,CI, rt
HO OMe 43%, dr=2.6: 1
\\‘O X
O OH
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1-2. discussion 1: dearomative alkylation
1-2-0. Screening of the substrate

R
HO OMe 1. :IZN(TMS)Z,
o 5 2. Sc(OTHf),
R” R +
O OH
Table 1
entry R’ yield (2 steps) dr (1-8 : 1-8-epi)

1-8-epi is predominantly yielded. The chiral
auxiliary improved the ratio, but 1-8 remains a

~
- minor product.
1 30% 1:-17 The asymmetric electrophile 1-3 appears to
contribute to the preferential generation of

1-8-epi when comparing entries 1 with 2.

44% 1:2.8

36% 1:15

1-2-1. Asymmetric induction by electrophile

The C6-C7 bond is fixed to minimize the steric
repulsion with the approaching nucleophile.

1-8-epi

— 18

1B

favorable unfavorable

The nucleophile presumably approaches the electophile from its tail to diminish steric repulsion.



1-2-1-2. Another explanation

A: insufficient orbital overlap C: good alignment B: ideal alignment
rotation of the long aliphatic
chain is highly restricted

- Olefin A is too close to the electrophilic center, requiring much strain to align parallel to the aromatic ring.

- Olefin C is positioned at such a distance that the conformations with an optimal alignment for the donor-accepter
interactions are entropically unfavorable.

The steric repulsion
destabilizes 1-0’-B, thereby
inhibiting an attack from the
B face.

These effects might be possible,
but may not be dominant ones.

1-2-2. The role of chiral auxiliary
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1-3. discussion 2: HfCl,-mediated cyclization
1-3-1. Reaction mechanism

1-8
R
O OMe
HfCl, may function as a Lewis acid and
1 . .
Me R promotes the Conia-ene type reaction.
0O R
R 1-2-epi
minor

1-3-2. HfCl, as a Lewis acid

Table 2
entry Lewis acid temperature yield dr at C1

1 AICI, rt to 80 °C no reaction . Hafnium is more oxophilic than most
metals, which is one of the reasons

2 SC(OTf)3 80 °C 14%, 261 for its high Lewis acidity.

3 ZrCl, rt 47% 14 -1 No reaction proceeded with Hf(OTf),
(entry 4). This can be attributed to its

4 Hf(OTf), rt to 80 °C no reaction . strong electronegativity, which inhibits
electron flow from oxygen.

5 HfCl, rt 43% 26:1

*1 eq of Lewis acid was used in each reaction.
**Solvent: dichloroethane
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The alkylation step might be reversible with hafnium due to its high oxophilicity and could afford the products 1-2
and 1-2-epi in the ratio thermodynamically determined.
The kinetic product with zirconium is 1-2 too, but the diastereomer excess can be different.



smaller energy gap
— less selective

larger energy gap
— more selective
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Moreover, the instability of 1-9-Zr in comparison to 1-9-Hf, arising from the relatively weaker Zr-O bond, likely
reduces the stereoselectivity of the reaction by narrowing the energy gap between the two transition state
leading to 1-2 and 1-2-epi (early transition state).

This effect appears more plausible in the context of this reaction, which involves the formation of strong C-C
bonds and does not seem to be reversible.

1. LiN(i-Pr), (4.0 eq), TMSCI (4.0 eq)
THF, ~78 °C;
I, (9.0 eq), 0 °C, 95%
2. LITMP (3.2 eq), i-PrCOCN (5.0 eq), THF
=78 °C to -30 °C, 70%
3. (MeOBz)Cr(CO)3 (0.5 eq)
OMe H, (75 bar), acetone, 125 °C;
LiCI (10 eq), DMSO, 120 °C, 41%
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2-1. Reaction mechanism
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2-2. disucussion 3: cyclopropane intermediate
2-2-1. Reaction mechanism - author’s proposal

acetone

oc” I
oC

anti-Bredt olefn

; LiCl

Krapcho-type
demethylation

+H*

JER ISR ’C%Me JR NN
R -PhCO,Me = \\,0 0

~co
C-1

noe

NMR evidence for intermediate 2-3




(continued)
path b

Me TmMs-ClI
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The author initially aimed for direct alkylation via the enolate genarated by deprotonation at the activated methylene,
C1 (path a). However, this approach failed due to the low acidity of the proton, located on the bridgehead, with a
bond poorly overlapping with adjacent 1T orbital.

Instead, the C26 proton was removed first to generate a bond between C4-C9 (path b).
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2-3 can be generated via intermediate 2-11, which has the C2-C4 bond. However, the formation of this bond

requires sp? carbon in the cyclopropane ring, and thus hard to achieve.

2-3. discussion 4: oxidative fragmentation
2-3-0. Screening of oxidants

Table 3
entry conditions yield
1 FeCls (9.0 eq), THF, 0 °C 41%
2 PhI(OAc), (2.0 eq), THF, 0 °C 21%
3 I, (9.0 eq), THF, 0 °C 73%
2-3-1. Reaction mechanism
2-3-1-1. Reaction mechanism when |, is used as oxidant
OTMS CQTMS - _
R OMe R OMe The kinetic product 2-14-a is not
| Me optimal for elimination because
Q)  of the poor orbital overlapping.
R’ ' 2-14-b undergoes elimination
H HAR 9
R R ®O:?MS R R O easily and generate 2-5.
2-14-a and 2-14-b seem to be in
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I path a to b depends on its
equilibrium constant and the
R’ = M reaction rate of the elimination
path b | | slow slow  step.
. T Ima NN
R OMe R OMe R OMe R OMe
M ’ M , Me Me
© R © R fast X—R’ X —R’
| N’
R=/ Moo R~/ Ho R~/ HoO R~/ Ho
R ™ \-/@I R R R
2-14-b 2-15-b 216 2-5
2-3-1-2. Reaction mechanism when FeClj is used as oxidant
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(continued to the next page)
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