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Organic compounds participate in two main kinds of transforma- Scheme 1
tions: carbor-carbon bond forming processes and reactions Platinum Anode:
accompanied with changes in the oxidation states at carbon atoms. R, + 1,80V (vs Ag wire) 1R,
The oxidation reactions are carried out using appropriate electron R-NHy  + o /\(Rs . g R_Ni + ooHt

or atom transfer reagents such as metal derivatives (e.g.4,0sO  , MeCN Rs
. < eq R + - R
Cr0O;, KMnQy4, MnO,, KsFe(CN), Pb(OAc)) or other oxidants 4 NEt;H™ OAc 4
(e.g., Ch, NaOCI, HO,, O,, KHSG;). Despite the high levels of 0.5M room temperature R = phthalimide
selectivity these reagents can offer, the majority produce toxic waste. 3.5 -4.0 hours

A . Platinum Cathode:
The development of waste-free technologies is one of the daunting e

challenges that faces chemidtsnd new approaches that eliminate
the toxic byproducts of oxidation reactions are needed.
Electrochemistry, a branch of science that studies direct electron We focused our attention on finding alternative routes for
transfer at electrode surfaces, is frequently referred to as one offreactions that typically involve stoichiometric amounts of highly
the prototypical green technologies of the futed&electivity in toxic lead(IV) oxidants? Lead tetraacetate-promoted aziridination
the electrosynthesis of organic compounds can be obtained byof olefins with N-amino derivatives (eq 1) is a valuable synthetic
subjecting reactants to oxidizing or reducing environments of transformatiort! but its widespread application is hampered by the

2H" —— H,

specific and invariant electrochemical potentilur goal is to find use of large amounts of Pb(OAc)Ve started by investigating the
general and practical electrochemical solutions to the selective feasibility of reducing the amount of Pb(OAcfo catalytic
functionalization of hydrocarborfsAziridination of olefins is of quantities. The cyclic voltammetry (CV) of Pb(OAa) acetonitrile

particular interest due to the enormous synthetic potential of gives the value of-1.60 V (vs Ag/AgClI) for the oxidation potential
aziridines® These nitrogen-containing heterocycles have 28 kcal/ of Pt* to PF*,*> whereas the CV oN-aminophthalimide (0.01
mol of strairf and are amenable to ring-opening reactions with a M in acetonitrile) shows two irreversible one-electron oxidation
wide range of nucleophiles. Such transformations lead to moleculesProcesses with anodic peak potentialstdt35 V and att1.68 V
with valuable 1,2 heteroatom relationships, commonly found in (VS AG/AgCI)** It was therefore possible to perform the aziridi-
natural products and in pharmaceutical@lefin aziridination nation of cyclohexene with only 10 mol % Pb(OA®Y reoxidizing
reactions are usually accomplished via metal-mediated transfer of P to P& electrochemlcally at-1.60 V.
a nitrene fragment to the olefinThe corresponding processes ~ Furthermore, we discovered that the CV of cyclohexene (0.01
produce a variety of byproducts that stem from metal additives and M in acetonitrile) produces an anodic currentef.0uA at +1.68
from oxidants. V (vs Ag/AgCl), which is only a small fraction of the current
To date, there are no examples of catalytic oxidation systems recorded foN-aminphthalimide £152,A). This indicates that the
based on readily available oxidants that (1) convert simple amines Packground oxidation of olefins on a platinum electrode is
or amides into active nitrogen transfer species in the presence ofkinetically disfavored due to olefin overpotential. We reasoned that
olefins and (2) leave no byproducts. Here we show that these @ direct electrochemical nitrogen transfer process should take place
important challenges can be met electrochemically without metal- & @round+1.60 Viin the absence of:en catalytic amounts of
based reagents, catalysts, and stoichiometric oxidants. We describ&P(OAC). Indeed, we have observed that a simple combination of
an aziridination process that delivers a nitrogen-containing func- Platinum electrodes, triethylamine, and acetic acid leads to a highly
tionality to a broad range of olefins from a readily available amine. €fficient formal nitrene transfét from N-aminophthalimide to

The continuum of applied potentials and the heterogeneous naturecyclohexene (Scheme 1). The reaction utilizes only a small excess
of reactions at electrode surfaces allow for the electrochemical ©f N-aminophthalimide relative to the olefin and can be performed
discrimination of substrates which have similar redox potentials I @ divided cell using a silver wire as a pseudo-reference electrode.
and therefore cannot be selectively reduced or oxidized using ©Ptimization of the working potential revealed thal.80 V-
soluble reagents. This selectivity is due to the phenomenon of Yersus Ag wiré® produced the highest isolated yield of the aziridine
overpotential® the kinetic inhibition of electron transfer on a from.cyclohexelje (Table 1, e_ntry D). Addltlona! increases in the
particular electrode surface working potential were detrimental to the yield due to the
' background oxidation of cyclohexene. Temperature changes had
negligible effect on the efficiency of nitrene transfer. No special

0 0o ; : : .
Pb(OAC), (2 eq) precautions to exclude moisture or air were taken. The reaction
N-NH, + @ it b/l N_N© (1 was stopped when the cell current dropped to less than 5% of its
CHxClp original value. Table 1 illustrates the wide substrate scope of this
0 o process. Remarkably, both electron-rich and electron-poor olefins
2eq

are converted to aziridines with high efficiency. The aziridination
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Table 1. Electrochemical Aziridination of Olefins
Entry Substrate Product Isolated
Yield, %
1 O O:N—R 85
[o] o]
N cENNe: "
N-R
R
3 PN N 91
R\
N
4 Br/\|/ B 42
R
A COMe N
5 ph NP2 ph”<L-COMe 86
R\
/ N a
PN 2
8 F N 83
Ph Ph Ph)KQ\Ph
x> ‘R
9 /\ﬂ/v /M/ 93
(o]
0O
- COsMe R
10 Meo,c” X2 N 92
Mo,C~L-COMe
R
11 /\/\OH N 81
Ph ph”on
R
12 P "coMe N 55
Ph/Q/\COZMe
OAc OAc
13 oy~ COZMe P ¢ C0Me 79
N.
OH OH
14 o -COMe Ph)Xcone 73
N‘R

aReaction was conducted at°C.  2:1 ratio of diastereomer§4.4:1
ratio of diastereomers.

can be performed on a multigram scale, and even larger scales

should be accessible using readily available flow c&li&. wide

variety of substrates other than olefins can also be considered as

suitable nitrene acceptotsOther amines or hydrazines may also

be used as precursors to nitrene transfer agents and are within the

scope of our future studies.
In summary, our study illustrates the possibility of a rational

approach that bypasses the requirement for stoichiometric amounts

of toxic oxidants and metal additives in organic redox reactiéns.

The continuum of redox potentials provided by electrochemistry
and the possibility of differentiating substrates on the basis of their
overpotentials should be a guide to other examples of highly
selective and practical organic reactions. It is now possible to
develop a set of guidelines for emulating a variety of metal-based
redox processes via optimization of reaction conditions (such as

nature of electrode, applied potential, additives, etc.) with the goal
of maximizing the difference in overpotentials between the reacting
moleculeg'®
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of this reaction (for a study of nitrene decompositionn pathways that lead
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(17) Ironically, the industrial origin of all readily available inorganic oxidants
is electrochemistry. For instance, approximately 3% of electricity in the
United States is spent annually on the production of chlorine.

(18) The aziridination reaction did not take place when the platinum anode
was replaced by graphite. In a marked contrast to the platinum case, our
CV study on carbon revealed that anodic current corresponding to the
background oxidation of cyclohexene%.3 uA) was comparable to the
current corresponding to the oxidationfaminophthalimide{15.6uA).

Such a small difference in the rate of electrochemical oxidation apparently
does not secure high selectivity in olefin aziridination.
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