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D Global energy and environmental problems have stimulated increased efforts towards synthesizing biofuels
from renewable resources. Compared to the traditional biofuel, ethanol, higher alcohols offer advantages as
gasoline substitutes because of their higher energy density and lower hygroscopicity. In addition, branched-
chain alcohols have higher octane numbers compared with their straight-chain counterparts. However, these
alcohols cannot be synthesized economically using native organisms. Here we present a metabolic
engineering approach using Escherichia colito produce higher alcohols including isobutanol, 1-butanol, 2-
methyl-1-butanol, 3-methyl-1-butanol and 2-phenylethanol from glucose, a renewable carbon source. This
strategy uses the host's highly active amino acid biosynthetic pathway and diverts its 2-keto acid
intermediates for alcohol synthesis. In particular, we have achieved high-yield, high-specificity production of
isobutanol from glucose. The strategy enables the exploration of biofuels beyond those naturally accumulated
to high quantities in microbial fermentation.

@ While significant advances have been made in the development of catalyst systems for enantioselective 1,2-
cyanations of aldehydes, ketones, and imines, no asymmetric catalysts for 1, 4-additions to a, f-unsaturated
carbonyl compounds have been identified to date. Such methodology would provide access to difunctional
intermediates that are readily converted to a variety of useful chiral building blocks, including a -substituted-f3
-aminobutyric acids and o -substituted-  -amino acids (Scheme 1). We describe here the application of
readily available (salen)Al'! catalysts to the conjugate addition of hydrogen cyanide to o, p -unsaturated imides
with high enantioselectivity

(@ Oxetanes are receiving increased attention as intermediates in organic synthesis and drug discovery, thanks
in part to the development of new methods for their preparation. At this stage, few enantioselective reactions
of oxetanes have been realized; these include ring expansions catalyzed by chiral copper complexes and ring
openings with organolithium reagents promoted by a chiral boron reagent. We became intrigued by the
possibility of activating oxetanes with (salen)Co(lll) complexes for enantioselective ring opening (e.g., eq 1),
given the successful application of these catalysts in the asymmetric ring-opening of epoxides. Herein, we
describe intramolecular openings of oxetanes catalyzed by (salen)Co(lll) complexes 1 and 2 to afford
functionalized tetrahydrofurans in high yields and enantioselectivities.

@ Ring-opening of epoxides, particularly with carbon-based nucleophiles, is a highly valuable synthetic strategy
for the stereospecific elaboration of organic compounds. Despite the venerable place held by enolates as
carbon-based nucleophiles for organic synthesis, y-hydroxy carboxylic acid derivatives are rarely accessed via
epoxide ring opening by acetate enolates, largely because of the paucity of reliable and efficient methodology
for such transformations. Herein we describe a new and efficient route toy-butanolides in a single step and
under mild reaction conditions from terminal epoxides (Scheme 1). Coupled with existing highly effective
methods for the asymmetric synthesis of terminal epoxides, this procedure provides ready access to a wide
variety ofy-lactone derivatives in enantiopure form.



