LATVITAS KIMIJAS ZURNALS
2009, Nr. 4, 313.-316. Ipp.

D.M. Hodgson

RICH CHEMISTRY OF o-LITHIATED EPOXIDES
AND AZIRIDINES

Unéversity of Oxford, Oxford, UK

Epoxides and aziridines are widely utilized as synthetic intermediates,
and the epoxide and aziridine functional groups are also found in a number of
interesting natural products [1]. Much of the chemistry of epoxides and
aziridines involves nucleophilic cleavage of the strained heterocyclic ring
(Scheme 1, shown for epoxides, path a); however, another aspect of epoxide
and aziridine chemistry is that which occurs upon reaction with a strong base,
typically an organolithium or hindered lithium amide. As well as simple ring-
opening, abstraction of (-proton can occut, which leads to the formation of
allylic alcohols or amines (path b), a process known as B-elimination {2]. Due to
the electron withdrawing effect of oxygen or nitrogen atorns and the acidifying
nature of the strained ring, abstraction of an a-proton can also occur (path ¢) to
give an a-metallated epoxide or aziridine {1, pp. 145-184, 3]
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Scheme 1. Transformations of epoxides.

Exploring the selective generation and reactivity of c-metallated epoxides or
aziridines, in the absence of an additional anion-stabilizing group at the o-me-
tallated carbon atom, has led to a variety of potentially useful synthetic trans-
formations [4, 5]. In this chemistry, the use of strongly basic and hindered
reagents facilitates the clean generation of the desired carbanions.

Lithiation followed by electrophile trapping provides a stereocontrolied way
to make more substituted small-ring heterocycles (Egs. 1 and 2) [6-8].
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(TMEDA = tetramethylethylene diamine)

However, the a-lithiated intermediates are quite fragile, as they possess a
heteroatom leaving group at the lithiated carbon atom and o~elimination would
also relieve small-ring strain. Under suitable conditions the latter carbenoid
character can be usefully harnessed, providing 2-ene-1,4-diamines (or diols)
from dimerization (Eq. 3) [9-11], or cyclopropanation in the presence of
tethered unsaturation (Ea. 4) [10, 12-16] The latter is especially valuable
because of its completely stereocontrolled nature (proceeding through a chair-
like transition state), and it has been carried out on process scale {171, In this
chemistry simple terminal epoxides and aziridines can be regarded as o-
hydroxy- or c-amino carbene equivalents
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With terminal epoxides and lithium tetramethylpiperidide (LTMP) in THF,
the lithiated intermediate can be intercepted by a second equivalent of the base,
the latter remarkably acting as a nucleophile despite its hindered nature.
Following in situ elimination of Li,O, this process allows access 0 hindered
enamines (Eq. 5) [18, 19] The use of enantiopure 2.2, 6-trisubstituted piperidines
provides the first direct asymmetric method for the direct generation of
aldehydes by C-alkylation involving nucleophilic substitution with alkyl halides
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With terminal epoxides, using LTMP in combination with organolithium or
Grignard reagent allows the latter organometallics to act as nucleophiles on the
intermediate lithiated epoxides, followed again by in situ elimination of Li,O
(Eq. 6) [21-23]. This results in a stereocontrolled convergent alkene synthesis,
in which the terminal epoxide functions as a vinyl cation equivalent.
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With terminal aziridines, variation of the protecting group at nitrogen atom
can profoundly affect the fate of the o-lithiated intermediate. As indicated in
Eq. 3, N-sulfonyl protection leads to carbenoid reactivity similar to epoxides,
whereas ester and phosphonate functionality lead to 1,2-migration chemistry
(Eq. 7), resulting in simultaneous C-functionalization and N-deprotection [ 10, 24]

H LTMP PG LTMP H .
" poomy N - N T N coperrme (D)
Fl‘s/(\l/ QB2 (pg = PO(OEY,) R/(\l (PG = Boc) R‘&” 2te
79-95% 79-90%

In conclusion, the above studies broaden the conventional use of aziridines
and epoxides as electrophiles in ring opening reactions to now include their use
as nucleophiles and carbenoid species. The increasing availability of epoxides
and aziridines as single enantiomers [25, 26] promises to heighten the impact of
the above methodology in asymmetric synthesis.
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a-LITIJETY EPOKSIDU UN AZIRIDINU BAGATA KIMIJA
KOPFSAVILKUMS

Petijums paplaina aziridinu un epoksidu pielietoSanas iespgjas orga-
niskaid sintézg. Ja lidz $im aziridini un epoksidi pazistami ki efektivi elektrofili
reagenti gredzena atvérSanas reakcijas, tad tagad ieteikis tos lietot arf ka
nukleofilus reagentus un karbenoidas vielas. Epoksidu un aziridinu pieaugosa
pieejamiba atseviSku enantioméru veidd atlauj paaugstinat izstradatas metodo-

logijas nozimi asimetriskaja sintéze.

M., Xopmeou

BOTATAS XUMPS - IUTUHPOBAHHBIX BIIOKCHIOB 1
AZHPHIVHOB

PEZIOME

JanHoe MCCIEAOBAHKME PACIHUpSeT NOJNe NPUMEHEHMs ASHPHIHHOB W
SHOKCHIOB B ODraHuHeckoM cuHrese. Eenu 10 cux 1op asupuirHbl 1 STIOKCH/Ib]
W3BECTHLE B KadecTse S(ODEKTURHBIX IEKTPOQUIOE B PEAKUUU DPACKPLITUS
KO/bLA, TO Terephb NPe/JIOKEHO WX IPUMEHITE U B KAUeCTBE HYKNEO(HIOB H
rapBenonanpix BewecTs. Bo3pacTtaoimas HOCTYTHOCTE SIOKCHIOB 1 a3upHIu-
HOB B BUIE PasfeibHbIX DHAHTHOMEPOB MO3BOJIAST TOBBICUTL 3HAYCHHE DPas-
paloTaHHON METOZOIOMMH B ACHMMETPHIECKOM CHHTE3E.
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