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glycomics. However, use of array technology to understand
the intricate role of carbohydrates in cell-signaling will
require the immobilization of longer, more complex oligosac-
charides. The development of automated methods for the
synthesis of oligosaccharides[33, 34] in combination with the
development of microcontact printing for the deposition of
ligands on the surface of a SAM[35, 36] will make possible the
rapid generation of chips containing entire classes of carbo-
hydrates. Interrogation of these surfaces by systematic
exposure to fluorescently labeled proteins, including bacterial
and viral toxins, will ultimately lead to a better understanding
of the role of carbohydrates in numerous signaling processes.
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Direct Electrochemical Aziridination of Alkenes under Metal-Free
Conditions

Gerhard Hilt*

The generally accepted advantage of electrochemical con-
versions is the mass-free electron transfer between the
electrode and the substrate, thereby eliminating the need
for the waste disposal of a used redox reagent.[1] Since many
chemical redox reagents are produced by electrochemical
pathways, it would be an advantage to use the electrochemical
power directly for the conversion of the starting materials in
redox reactions. From this viewpoint, and because of increas-
ing environmental problems, electrochemical methods will

become more and more attractive in the future. Many classes
of substrates could be successfully converted directly at the
electrode under electrochemical conditions and the inter-
mediates generated by electron transfer could be employed in
synthetically useful follow-up reactions. Among these electro-
chemical conversions, applications on an industrial scale[2]

and for the production of fine chemicals and laboratory-scale
chemicals exist.[3]

The synthetic value of small, strained, and therefore
highly reactive, ring systems is well established, and
among these epoxides and aziridines are of great interest.[4]

Indeed, the asymmetric synthesis of epoxides from allylic
alcohols[5] was honored by the award of the Nobel prize
to Sharpless in 2001.[20] Hydroperoxides are used as oxidants
as an easily handled source of oxygen, even on a large
scale.[5, 6]
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Similar amination reagents
are not described for the anal-
ogous aziridination process, so
that other methods for the acti-
vation of the nitrogen atom in
aziridination reagents must be
used.[7] Thus, chemical methods
for the activation of nitrogen
are applied, such as reactions
with stabilized, oxidized nitro-
gen-containing compounds (for
example, hypervalent com-
pounds such as RI�NR�),[8] as
well as photochemical-initiated
metal-catalyzed aziridinations
starting from azides.[8a] Further-
more, acceptor-stabilized hy-
drazine derivatives can be oxi-
dized in situ by lead(��) reagents,[9] as well as N-acetoxyhy-
drazine derivatives, which are preformed from the hydrazine
derivative upon oxidation with lead(��) reagents.[10] The
disadvantage of these methods is the stoichiometric use and
the accompanying problems of the disposal of the spent
reagents.

A sustainable electrochemical method for the aziridination
of alkenes with catalytic amounts of lead compounds, and
electrochemical regeneration of the spent PbIV species, would
be a reasonable improvement, thus avoiding the stoichiomet-
ric use of toxic heavy metal oxidizing agents. Of even greater
interest would be an aziridination method that would reduce
the amount of toxic reagents to a minimum or avoid any of
these reagents at all. Siu and Yudin recently published an
electrochemical method for a lead-mediated indirect electro-
chemical oxidation as well as for a direct electrochemical
heavy-metal-free aziridination of alkenes using N-amino-
phthalimide as a nitrogen source (see Scheme 1).[11] In the
latter method the N-aminophthalimide is directly oxidized at
the anode to generate a reactive species which reacts with a
variety of alkenes to form the corresponding aziridines.

The restriction that even catalytic amounts of lead repre-
sent an ecological hazard could be overcome by using
appropriate electrochemical conditions. Electroanalytical
measurements revealed that the redox potentials for the
PbII/PbIV couple (E��1.60 V versus Ag/AgCl, platinum
working electrode) were in the same region as the oxidation
potential of the hydrazine derivative (E�
�1.35 Vand�1.68 V versus Ag/AgCl; two
irreversible one-electron oxidations). On
the other hand, the oxidation of the mainly
acceptor-substituted alkenes take place at
higher potentials, so that the direct electro-
chemical oxidation of the hydrazine deriv-
ative under potentiostatic conditions was
possible, which renders the use of lead as a
redox-mediator obsolete (Scheme 2).

The electrochemical reactions were con-
ducted under potential-controlled condi-
tions in a divided electrochemical cell with
a silver wire as a quasi-reference elec-

trode,[12] which minimizes the disadvantages that sometimes
accompany the use of a conventional reference electrode.
Further operative simplifications, such as an undivided cell
(conversions in a quasi-divided cell can be envisioned)[13] or
electrolysis under galvanostatic conditions might be possible,
so that researchers not equipped for specialist electrochem-
istry could use this simple and clean methodology for the
synthesis of aziridines in the future. The synthetic utility of the
reaction could be enhanced further if the cathodic depro-
tection (to generate the free aziridine) could also be realized
under electrochemical conditions.[14]

However, the synthetic value of the electrochemical
aziridination was demonstrated when unfunctionalized, ac-
ceptor-substituted and highly functionalized alkenes were
aziridinated in good to excellent yields. Some selected
examples of the direct electrochemical aziridination are
shown in Scheme 3. The methodology described above for
the functionalization of alkenes under electrochemical con-
ditions represents an interesting reaction with potential for
further developments.

An asymmetric version of the reaction cannot be realized
by direct electrochemical reaction of the hydrazine derivative
at the electrode. However, the use of chiral transition-metal
catalysts (such as chiral titanium complexes) can be envi-
sioned, so that an electrochemically initiated and transition-
metal-catalyzed asymmetric variant could be realized. Fur-
ther developments towards an electrochemical removal of the
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phthalimide group as well as the use of primary amines as a
nitrogen source would also be of great interest.

Among the most recent interesting developments, which
include a) paired electrolysis on industrial scale,[15] b) electro-
chemical regeneration of azadicarboxylic esters,[16] c) electro-
enzymatic reaction in flow-through reactors,[17] d) electro-
catalytic coupling reactions,[18] and e) selective electrochem-
ical fluorinations,[19] the electrochemical aziridination can be
seen as a further highlight in electroorganic synthesis.
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