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New aspects in chemistry of axially chiral enolates: Developments of
asymmetric reactions via C-O axially chiral enolates and o.-arylation of amino
A SCEEH | acids derivatives
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1) Asymmetric intramolecular alkylation of C-O axially chiral enolates

Previous studies on Memory of Chirality have demonstrated a direct method for
asymmetric alkylation of a.-amino acid derivatives. C-N Axially chiral enolates have been
proposed as the key intermediate for the asymmetric induction. The half-life of racemization
of C-N axially chiral enolates was determined to be ca. 20 h at -78 °C. Therefore, these
chiral enolates can be effectively used for asymmetric inter- and intramolecular reactions.
Here novel asymmetric induction via short-lived C-O axially chiral enolates has been
developed (Scheme 1). The racemization barrier of C-O axially chiral enolates generated
from L-lactic acid derivatives was experimentally estimated to be ~11.5 kcal/mol and the
corresponding half-life of racemization is less than 1 second even at -78 °C. Accordingly,
they had been thought not to be feasible intermediates for asymmetric synthesis. However, it
seemed possible to develop the highly enantioselective intramolecular reactions if the chiral
enolates react immediately after their generation at low temperatures. Here it was revealed
for the first time that the short-lived C-O axially chiral enolates could be effectively used for
intramolecular asymmetric alkylation. In this transformation, the bulkiness of the substituent
(RY) of 1 would be the crucial for asymmetric induction by affecting the rotation barrier
along the C-O axis.
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While five-membered cyclization of 1 (R'=R?=H, n=1) gave the corresponding racemic
cyclic ether, that of 1 with bulky isopropyl substituent (R'='Pr, R*=H) underwent the
asymmetric intramolecular alkylation to afford the cyclic ether in 99% enantioselectivity.
These results strongly supported the hypothesis mentioned above. The corresponding six-
membered cyclization of 1 (R'="Pr, R?%=H, n=2) gave the racemic cyclic ether. This indicates
the six-membered cyclization is relatively slow compared to five-membered one. On the
other hand, the six-membered cyclization of 1 (R'="Pr, R>=Me) afforded cyclic ether in 91%




ee. The existence of R? group is crucial and appeared to locate the electrophilic site close to

the enolate moiety (buttressing effect) so that C-O axially chiral enolates underwent

intramolecular alkylation before their significant racemization took place. These are the first

examples of asymmetric induction via C-O axially chiral enolates.

2) Asymmetric intramolecular conjugate addition of C-O axially chiral enolates
Asymmetric conjugate addition of C-O axially chiral enolate has been developed (Scheme

2). This provides a straightforward route to cyclic ethers with contiguous tetra- and tri-

substituted stereocenters. The use of the strong seheme 2.
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well as stabilizing the intermediate anions. Under
optimized conditions, intramolecular conjugate Rah:tp 10 8630 ¢8
addition of C-O axially chiral enolates generated from 2 smoothly took place to give the
desired products in up to 86% ee even when the substituent on aromatic ring was hydrogen
(R®=H). These results imply that the rate of conjugate addition of enolates is much faster
than that of alkylation.
3) Asymmetric a-arylation of C-N axially chiral enolates

Asymmetric a-arylation of carbonyl compounds is one of current synthetic challenges.
Here nucleophilic aromatic substitution via intramolecular addition-elimination process has
been developed. N-aryl ureas underwent intramolecular substitution via C-N axially chiral
enolates generated from o-amino acid derivatives to give o-aryl adducts (Scheme 3).
Treatment of the substrate 3 possessing the electron-withdrawing group at the para positon
of the electrophilic aromatic carbon (R*=p-NO,) with LHMDS in DMF at -60 °C gave the
desired products in up to 99% ee with inversion of the stereochemistry. On the other hand,
retention of stereochemistry was observed for the corresponding reactions in toluene at 0 °C
to afford the desired products in up to 83% ee. This method provides a straightforward
access to both enantiomers of a-arylated a.-amino acid derivatives from readily available L-
amino acids.

Scheme 3.
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