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The Chemistry of Oxaziridines 

 
Since the announcement of their discovery in 1956,1 oxaziridines have been widely 
investigated, principally for two reasons. The presence of an inherently weak N- O bond 
in a strained ring promised a group of compounds of unusually high reactivity. In 
addition, this system possesses the structural elements that seem to be required to observe 
stereochemical isomerism at nitrogen: ring strain and an atom with unshared electron 
pairs attached to nitrogen.  Since the discovery of oxaziridines, several reviews have 
appeared.2 My intention in this review is to present a broad picture of this heterocyclic 
system with particular attention to their reactions and uses in synthetic organic chemistry. 
 
Stereochemistry 
 
The stereochemistry of the oxaziridine ring has received considerable attention mainly 
due to the chirality of the nitrogen atom and the appreciable barrier to its inversion. This 
barrier to inversion was determined to be 25-32 kcal/mol in N-alkyl oxaziridines3. The 
transition state for thermal epimerization was shown to have increased ring strain, thus 
providing the large barrier to nitrogen inversion (Scheme 1).4 Oxaziridines have also 
been shown to epimerize photochemically through a nitrone intermediate.5 
 
While the inversion barrier is 
considerable in N-alkyl oxaziridines, 
when the N- substituent is capable of π-
conjugation or hyperconjugation the 
inversion barriers are smaller.  N-aryl as 
well as N-acyl oxaziridines both have 
inversion barriers near 20 kcal/mol6,7 
due to their π-conjugation.  N-sulfonyl 
oxaziridines also exhibit lower barriers 
to inversion due to the hyperconjugation 
present in the system.8 
 
Preparation 
 
The first method of preparation of an 
oxaziridine, which continues today to 
be the favored method, is the oxidation 
of an imine with a peracid, commonly 
meta-chlorobenzoic acid (m-CPBA).9 
Chiral oxaziridines can be produced via 
oxidation of a chiral imine (Scheme 2), 
10,11 oxidation of an achiral imine with a 
chiral peracid or via separation of 

Scheme 1. Thermal racemization of chiral 
oxaziridines proceeds through a very high 
barrier to nitrogen inversion. 

Scheme 2. Oxidation of a chiral imine. 
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diastereomeric oxaziridines produced from achiral peracid oxidation.9 The mechanism of 
peroxy oxidation has been studied and found to proceed through a two-step mechanism 
rather than a concerted oxygen transfer.12-14 
 
Other methods for the oxidation of imines have been developed. These efforts have come 
about due to ecological concerns over the mass use of m-CPBA and the difficulty that can 
occur when purifying the oxaziridine from the chlorobenzoic acid. Cobalt-mediated 
oxidation using molecular oxygen as the ultimate oxidant has recently been reported.15  
Urea-hydrogen peroxide has also been used as an oxidant and has been shown to produce 
the desired oxaziridine in very good yields.16 
 
Oxaziridines have been prepared through a variety of other non-oxidative methods.  The 
electrophilic amination of ketones has been shown to be a versatile method to produce N-
unsubstituted oxiziridines.17 The double 1,4 conjugate addition of hydroxamic acids to 
propiolates has also been shown to produce oxaziridines in good yields.18 Finally, the 
photolysis of nitrones can provide oxaziridines in good yield.19 
 
Oxaziridines as Heteroatom Transfer Reagents 
 
Oxaziridines can be used as both oxygenating and aminating agents in their reactions 
with a wide variety of nucleophiles.  In 
spite of this reactive duality, the 
predominance of one process over another 
can be affected by varying the substitution 
pattern on nitrogen (Figure 1). In general, 
oxaziridines with small groups on 
nitrogen (N, Me) act as aminating agents, 
whereas those with bulky or electron-
withdrawing groups on nitrogen 
preferentially transfer the oxygen atom. 
Although other nitrogen and oxygen 
transfer reagents are known, oxaziridine-
mediated processes are of interest due to 
the easy accessibility of the reagents and 
their potential for asymmetric induction. 
 
Oxaziridines as Oxygen Transfer 
Reagents 
 
Electron-deficient oxaziridines, such as 
N-sulfonyl oxaziridines, oxaziridinium 
salts, and perfluorinated oxaziridines have 
found extensive use as sources of 
electrophilic oxygen. The general 

Figure 1. Oxaziridine commonly used as 
heteroatom transfer reagents. 

Scheme 3. General mechanism of 
oxygenation of nucleophiles. 
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mechanism involves nucleophilic attack on the oxaziridine oxygen with simultaneous N-
O bond cleavage.  The resultant hemiaminal undergoes breakdown to provide the 
oxygenated product and an imine byproduct (Scheme 3). 
 
α-Hydroxy ketones have found use in organic synthesis as chiral synthons. Additionally, 
this functionality can be found in a wide variety of natural products. Their synthesis has 
been performed with a variety of methods, including substitution of a hydroxyl for a 
leaving group, homologation by addition of a carbocation, reduction of β-diketones and 
finally direct oxidation of an enolate.  Direct oxidation of enolates is by far the most 
straightforward method of producing α-hydroxy ketones.  
Oxodiperoxymolybdenum(pyridine)-(hexamethylphosphoric triamide) (MoOPH) and N-
sulfonyl oxaziridines have commonly been used as the electrophilic source of oxygen in 
the direct oxygenation of enolates.20  Oxaziridines have several advantages including 
providing more efficient asymmetric induction, higher yields, easier preparation and the 
ability to perform oxygenations that MoOPH cannot (including the oxygenation of β-
dicarbonyls). 
 
Evans and co-workers found they could oxygenate these chiral enolates in good yield (77 
- 91%) and good dr (95:5 - 99:1) using chiral auxiliaries based on oxazolidines.20  The 
use of a chiral auxiliary afforded efficient asymmetric induction from a racemic 
oxaziridine. Prochiral enolates have been oxidized with chiral oxaziridines derived from 
camphor sulfonic acid.21 Davies recently reported that a chiral enolate could be generated 
in situ via conjugated addition of a chiral amide to an α,β unsaturated carbonyl followed 
by oxygenation with an oxaziridine.22 
 
Epoxidation of alkenes has been a very widely used transformation in organic synthesis.  
It allows the easy conversion and incorporation of many functionalities from an olefin. 
Commonly, epoxides are formed in a racemic mixture via oxidation of the parent alkene 
with a peracid such as m-CPBA. Oxaziridines have also been shown to provide this 
useful transformation.23  Oxaziridines have been employed in cases where the acid-
sensitive epoxides are desired, as peracid epoxidations form acidic byproducts. Both 
experimental24 and theoretical25 evidence have pointed to an asymmetric spiro transition 
for the oxygen transfer, as found in the more common peracid epoxidations. 

 
Asymmetric epoxidation is also a desirable transformation. Several methods for the 
catalytic asymmetric epoxidation of olefins have been developed.  These include the 

asymmetric epoxidation of allylic 
alcohols by the Sharpless Asymmetric 
Epoxidation (SAE), the Jacobsen-Katsuki 
epoxidation of aryl cis-disubstituted 
alkenes and chiral dioxirane epoxidations. 
Of these, only the chiral dioxirane 
epoxidations can be performed on 
unfunctionalized alkenes with asymmetric 
induction. Thus, chiral oxaziridines could 
be useful in developing methods toward 

Scheme 4. Catalytic asymmetric 
epoxidation using chiral iminium salts. 
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the catalytic asymmetric epoxidations of alkenes. Oxaziridinium salts (methylated 
oxaziridines which can be oxidized stereospecifically), have been employed towards this 
goal (Scheme 4). 25 Catalytic amounts of ininium have been oxidized in situ to epoxidize 
unfunctionalized olefins in high yield and moderate ee.26 Similar experiments have been 
performed with binapthyl-derived oxaziridinium salts27 and chiral amine derived 
oxaziridinium salts.28  

 
A large variety of nucleophiles can be oxygenated via oxaziridines. Oxidation of nitrogen 
nucleophiles has been shown to proceed in good yield while common oxidants (m-CPBA 
and magnesium monoperoxy phthalate) have failed to produce the desired compound.29 
 
The oxidation of C-H bonds is a conceptually simple, but pragmatically challenging route 
to oxygenated compounds. At the moment, efficient techniques for this transformation 
remain limited, and general and expedient techniques to accomplish it are highly sought. 
The Resnati group has shown that in a transformation of remarkable selectivity, 

perfluorinated oxaziridines are capable of 
oxygenating unactivated C-H bonds 
(Scheme 5).30 The reaction proceeds 
selectively on tertiary hydrogens in the 
presence of a variety of functional groups.  
While the mechanism is currently not 
known, the transformation has been 
utilized on steroid backbones to 
selectively oxygenate tertiary protons at 
cis ring junctions.31  
 
Along with direct oxidation of enolates, 
the epoxidation of alkenes, nitrogen 
oxidation and oxygenation of unactivated 
C-H bonds, oxaziridines have found a 
variety of uses as electrophilic source of 
oxygen (Figure 2).  Thioethers can be 
oxidized to chiral sulfoxides;32,33 
eneamines,34 organometallic reagents,35 
and tertiary Si-H bonds36 can be 
oxygenated. 
 
Oxaziridines as Nitrogen Transfer 
Reagents 
 
N-Unsubstituted and N-acyl substituted 
oxaziridines have found extensive use as 
sources of electrophilic nitrogen. As with 

the electrophilic oxygenation of nucleophiles via oxaziridines, nitrogen-transfer via 
oxaziridines can provide a plethora of synthetically useful transformations. 
 

Scheme 5.  Oxygenation of unactivated C-
H bonds. 

Figure 2.  Oxaziridines have been used as 
an electrophilic source of oxygen in many 
transformations. 
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Hydrazino acids (amino acids in which the amide functionality is replaced by a 
hydrazone) have found considerable use in the field of peptidomimetics.  In addition, 
hydrazines are of great utility in a wide array of organic transformations. Hydrazines are 
popularly synthesized via an electrophilic amination of a nucleophilic nitrogen using 
chloramine or hydroxylamine-O-sulfonic acid.  The methods have limitations; residual 
chlorine functionality resulting from the use of chloramine can be disadvantageous and 
hydroxylamine-O-sulfonic acid is not soluble in anhydrous organic solvents.  
Oxaziridines can serve as a simple, one-step aminating process in the production of 
hydrazines from amines.37 Amination of a variety of nucleophilic nitrogen compounds 
(including amino acids) was shown to be a facile transformation using N-unsubstituted 
oxaziridines.38 In a reaction unique to oxaziridines, direct N-acyl transfer as a method of 
protected hydrazine synthesis has also been shown to proceed in good yield with a wide 
variety of substrates.39-41 
 
O-Alkyl oximes are important in the 
synthesis of semisynthetic biopolymers 
and are present in various drug 
candidates as well. The oximes are 
prepared by the direct condensation of 
an aldehyde or ketone with an 
alkoxylamine. Alkoxylamines have 
traditionally been obtained by a two-
step sequence: attack of a protected 
hydroxylamine on a electrophilic carbon 
and subsequent deprotection. Nitrogen 
transfer reagents like chloramine have 
also been used to aminate simple 
alkoxides with limited success. Ellman 
and co-workers have produced a one-
step, high-turnover reaction that pairs a 
nucleophilic alkoxide ion with an N-
unsubstituted oxaziridine (Scheme 6).42 
As with protected hydrazine formation, 
alkoxides can be converted to protected 
alkoxyl amines via N-acyl transfer from 
N-acyl oxaziridines.43 
 
Aside from the synthesis of hydrazines 
and alkoxyl amines, oxaziridines have 
proved themselves very useful in the 
electrophilic amination of a wide variety 
of nucleophiles (Figure 3). Among the 
notable uses are: C-H acidic 
functionalities can be aminated,44-46 
thioethers can be aminated aminated to 
generate sulfimide functionalities,47 

Scheme 6.  Synthetically useful O-
amination procedure. 

Figure 3.  Oxaziridines have been used as 
a source of electrophilic nitrogen in many 
transformations. 
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enolates can be smoothly converted into α-amino carbonyl compounds,48,49 and aryl 
substituted olefins can be epaminated to generate aziridines.50 
 
Acid and Base Catalyzed Ring Opening 
 
As we have seen, oxaziridines are very versatile oxygenating and aminating reagents.  
The versatility of oxaziridines extends far beyond their use as heteroatom transfer 
reagents.  Indeed, both acid and base catalyzed ring opening of oxaziridines can lead to 
unique functionality. 
 
Acid-catalyzed ring opening of a 3-aryl-substituted oxaziridine has been shown to 
provide the parent aldehyde and a hydroxylamine.51  Meanwhile, 3-alkyl-substituted 
oxaziridines break down to ketones when treated with acid.52 The formation of a 
hydroxylamine functionality from a 3-aryl-substituted oxaziridine concomitantly with the 

deprotection a ketone six atoms away, was 
recently used in the synthesis of the carbo-
skeleton of Pinnaic Acid (Scheme 7).53 
 

While the acid-catalyzed ring opening of 
oxaziridines can lead to hydroxylamines 
or ketones, subjecting an oxaziridine to 
base will yield an N-H imine as the ring-
opened product.54 This transformation 
has been used to generate N-H ketimines 
in good yields.55 
 
Rearrangements: Photochemical, 
Lewis Acid Induced, and Single 
Electron Transfer 
 
As an effort to transform oxaziridines 
into amide functionality, oxaziridines 
have been photolyzed to yield 
rearrangement products (Scheme 8). 56 

The products of the rearrangement have 
often been unexpected.  In some cases, 
the mechanism proceeds through 
homolytic bond cleavage of a C-C bond 

to produce a primary radical despite the possibility of proceeding through a more 
thermodynamically stable secondary radical.56 This has been shown, both experimentally  

and computationally,57 to be a stereoelectronic effect where the bond anti to the nitrogen 
lone pair will migrate.  
 
This photochemical rearrangement has been used in the formation of complex natural 
products.  One synthesis of alloyohimbane generates the natural product’s skeleton 
through photolysis of a spirocyclic oxaziridine to the lactam, followed by a Bischler-

Scheme 7.  Acid-catalyzed ring opening of 
oxaziridine, leads to cyclic nitrone formation. 

Scheme 8.  Photochemical rearrangement 
of oxaziridines to produce lactam 
functionalities.  



 7 

Napieralski reaction on that lactam.58 Another use of this oxaziridine to amide 
transformation has been in making peptide bonds between very bulky non-natural amino 
acids.59 In cases where traditional peptide coupling agents fail, this transformation has 
been shown to work in moderate to good yields. 
 
Lewis acid catalyzed ring openings to generate amide functionality have been shown to 
provide complementary regiochemistry to 
the photochemical rearrangements.60 
Here, we see that the bond syn to the 
nitrogen lone pair migrates to form the 
amide product. Traditional Lewis acids 
failed to provide the desired 
transformation and it was found that only 
a manganese-tetraphenylporphryin Lewis 
acid would yield the amide products. 
Importantly, copper, iron and cobalt 
tetraphenylporphryins (common electron 
transfer reagents) showed no catalytic 
activity, indicating that the transformation 
was indeed promoted through a Lewis 
acid and not via electron transfer.60 
   
Donation of an electron to an oxaziridine 
yields a radical anion, where the N-O 
bond is broken and an oxyanion and 
nitrogen-centered radical are the result.61 
Depending on the substrates involved, this 
can lead to a large variety of 
rearrangement products (Scheme 9).62 
 
Cycloaddition Reactions  
 
Do to their unique structural elements 
(strained ring, weakened N-O bond), 
oxaziridines have been shown to undergo 
cycloaddition with a variety of 
heterocumulenes to afford a very diverse 
set of five-membered heterocycles.63 
These cycloaddition reactions have been 
shown to be of synthetic interest and 
further development should allow their 
use as a facile means to produce 
heterocyclic functionalities (Scheme 10).64 
 
 
 

Scheme 9.  Single electron transfer yields a 
radical anion, which can provide a variety of 
rearrangement products. 

Scheme 10.  Cycloadditions between 
oxaziridines and heterocumulenes can 
afford a variety of five-membered 
heterocycles.. 
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Conclusions  
 
We have seen oxaziridines used in a 
variety of unique transformations (Figure 
4). Their  ease of synthesis via a number of 
synthetic methods enables their 
widespread use. Further, the nitrogen 
inversion barrier in oxaziridines is high 
enough to allow for the preparation (or 
separation) of chiral oxaziridines. N-
Sulfonyl oxaziridines are widely used as 
reagents in the oxygenation of enolates. 
Oxaziridinium salts are very promising for 
the catalytic asymmetric epoxidation of 
alkenes. Perfluorinated oxaziridines are 
powerful oxidants, and can oxidize 
electron deficient olefins and unactivated 
C-H bonds. New syntheses of hydrazines 
and alkoxylamines have relied upon the 
use of N-H and N-acyl as facile 
electrophilic aminating agents. The stereospecific photochemical rearrangement (and its 
Lewis-acid counterpart) provides a valuable method of amide bond formation, including 
the synthesis of difficult lactam functionalities. Single-electron transfer to oxaziridines 
has been shown to proceed under mild conditions to generate nitrogen-centered radicals. 
This reaction may find application in the synthesis of complex molecules via cascade 
bond formation. 
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