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Photochemical a-amination of carbonyl groups
with iodinanes†
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Rene M. Koenigs *

We report on a photochemical reaction of silyl enol ethers with

iminoiodinanes. This aza Rubottom reaction provides a direct access

towards a-amino carbonyl compounds under catalyst free reaction

conditions with light as the sole source of energy. Control experi-

ments suggest the participation of triplet nitrene intermediates.

The introduction of an amino functional group in the a-position
of a carbonyl group is of high relevance in the synthesis of
a-amino acids or ketones, which themselves are fundamental
building blocks in nature.1 A timely approach towards this
endeavour can be realized via the direct a-amination of carbonyl
compounds or their analogues, such as silyl enol ethers.1–4 The
challenge in realizing such transformation, however, lies within
the intrinsic nucleophilic properties of both the a-carbon
atom of carbonyl groups and amines. A variety of different
strategies based on Umpolung chemistry of either reagent
have been realized.2 Among these, prominent examples being,
e.g. the utilization of electrophilic amination reagents such as
azodicarboxylates3 or nitroso compounds (Scheme 1a).4

An alternative approach to this synthetic challenge lies
within the use of silyl enol ethers and a nitrene precursor.5

The latter can be utilized to in situ access an electrophilic
nitrogen species that reacts with the nucleophilic silyl enol
ether to initially form an aziridine ring. Subsequent desilylation
and ring opening leads to the reformation of the carbonyl
group with an amine group installed at the a-carbon atom.
This reaction is resemblant of the classic Rubottom oxidation
and this aza analogue recently attracted the attention of syn-
thetic chemists to allow for direct a-amination of carbonyl
groups.6–10 In this context, the Kürti group reported on HFIP
mediated or rhodium catalysed amination reaction of silyl enol
ethers using hydroxyl amine derived amination reagents
(Scheme 1b),6 which themselves required a suitable protecting

group strategy to access the reagent itself. Related approaches by the
Chang group describe the utilization of carbamoyl azides in iridium
catalysed nitrene transfer reactions to 1,3-dicarbonyl compounds.7

Notably, the use of specialized nitrene transfer reagents was
reported by Takemoto requiring UV light conditions.8

Based on our interest in nitrene transfer reactions,11 we
hypothesised that such Aza Rubottom12 oxidation reactions can
be accessed under metal-free conditions using visible light to
access the key nitrene species. Such approach would enable the
access of important a-amino ketones in a straightforward
fashion from simple and readily available reagents (Scheme 1c).

We commenced our studies by examining the reaction of
cyclohexanone derived silyl enol ether 1 with iminoiodinane 2
under photochemical conditions. Only under irradiation with

Scheme 1 a-Amination of carbonyl compounds via nitrene transfer
reactions.
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blue LEDs, the reaction proceeded equally well in dichloro-
methane (DCM) solvent with and without a photocatalyst
(Table 1, entries 1–3). Further studies comprised the evaluation
of different solvents. A broad spectrum of solvents, including
ethers, chlorinated solvents, and polar solvents, proved compati-
ble with the current reaction, yielding the desired a-amination
product in moderate quantities (Table 1, entries 4–9). The highest
yield of 3 was obtained using either acetonitrile or 1,2-
dichloroethane (1,2-DCE). In subsequent steps, we examined
reaction parameters (for details, see Tables S1–S5, ESI†) such as
concentration, stoichiometry, reaction time, or the influence of
air, moisture and light intensity, which quickly led to the opti-
mized conditions (Table 1, entry 10). Only a small influence on the
reaction outcome was observed upon deviations from optimum
concentration, reaction time or light intensity. The critical
reaction parameters for high reaction yield were identified as
additional water or when the reaction was carried out in air
(Scheme 2a). However, a significant influence of the silyl protect-
ing group on the reaction outcome was observed (Scheme 2b).
Increasing the steric demand of the silyl protecting group led to a
significant reduction in product yield and both TBDMS protected
silyl enol ether gave unsatisfactory reaction outcomes.

Next, we examined the influence of the N-protecting group
of the iodinane reagent in the reaction with silyl enol ether 1
under otherwise optimized conditions (Scheme 2c). Gratify-
ingly, a broad range of different aryl substituted sulfonyl
protected iodinanes smoothly reacted to give the corresponding
a-amino ketone in moderate to good yield. It is important to
note that both ortho and para substituted aryl rings were well
tolerated. Moreover, strongly electron-withdrawing substitu-
ents led to a decrease in reaction yield (9, 13, 14). Furthermore,
the introduction of chloro (7) or bromo (9) substituents, ortho-
substituents (10, 11) or a thienyl ring (12) led to a reduction in
the product yield, which we assume to be related to potential
interactions by (nucleophilic) heavy atoms with an electrophilic
nitrene intermediate.

We then embarked on the evaluation of suitable silyl enol
ether substrates in this a-amination reaction (Scheme 3). We
commenced these studies by first evaluating the influence of
the ring size of silyl enol ethers derived from cyclic ketones.
However, a limitation with regards to the ring size of the ketone
was observed and both 5- and 7-membered rings were signifi-
cantly less tolerated under the reaction conditions (Scheme 3,
15, 16), which we assume to be related to challenges in
purification and side reactions of the reaction product.
Heteroatom-functionalized cyclohexanone derivatives were
found incompatible, which we assume to competing reaction
of the nucleophilic heteroatom with the electrophilic nitrene
intermediate. Next, we explored acyclic ketones and studied the
compatibility of acetophenone derived silyl enol ethers in this
reaction. To our delight, a broad range of different acetophe-
none derivatives were well tolerated. Substituents on the aro-
matic ring of the acetophenone were tolerated in all positions.
Electron-donating groups (18, 21, 24, 25), light halogen atoms

Table 1 Reaction optimisation

Entrya Solvent Other changes Yield (%)

3 DCM 41
1 DCM +Ru(bpy)3Cl2 (1mol%) 41
2 DCM No light Trace
4 EtOAc 54
5 THF 29
6 1,4-Dioxane 48
7 MeCN 64
8 CHCl3 42
9 1,2-DCE 67
10 1,2-DCE 40 W LED (4 hours) 80

a Reaction conditions: 0.2 mmol 2 (1 eq.), 1.0 mmol 1 (5 eq.) were taken
in a reaction tube and 2 mL 1,2-DCE was added to the reaction mixture
under argon atmosphere and irradiated with blue LEDs overnight.
Further changes of the reaction conditions have been noted in the
table. Isolated yield are reported.

Scheme 2 Studies on the robustness of the reaction parameter and
protecting groups.
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(20, 23), as well as carbo- and heterocycles (27–30) were well
found compatible with this transformation. Similarly, as pre-
viously observed, heavy halogen atoms such as bromine led to a
significant reduction in product yield. We further explored
b-substituted carbonyl compounds, which smoothly underwent
a-amination (31, 32). Notably, the introduction of a sterically
more demanding aromatic ring in the b position led to a slight
reduction in the product yield (32). An example, of a vinyl
substituted ketone further demonstrates the compatibility of
suitable functional groups in this transformation (33).

We next explored the applicability of this protocol in the a-
amination of natural products and drug molecules (Scheme 4a).
To our delight naturally occurring 6-membered ring ketones
such as camphor or menthone underwent smooth and stereo-
selective amination reactions to yield 34 and 35 in moderate to

good yield. We further examined an iodinane derived from the
drug Celecoxib, which underwent smooth amination reactions
of a range of different cyclic ketones and acetophenone deriva-
tives (36–39).

In a last step, we examined different reaction additives to
examine the reaction mechanism. In the presence of tertiary
amines, the reaction was completely suppressed, which can be
attributed to ylide formation reactions of a nitrene intermediate.
The addition of 2 equivalents of water had a detrimental effect on
the reaction yield. Finally, the addition of stoichiometric amounts
of radical trapping reagents led to a complete inhibition of this
reaction, which further underlines the participation of nitrene
intermediates. The on/off experiment then shows that no back-
ground reaction is observed the moment the light source is

Scheme 3 Evaluation of substrate scope.

Scheme 4 Application in synthesis and control experiments.
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switched off, which suggests that light is needed in this transfor-
mation and that no chain processes are occurring.

In summary, we herein describe a photochemical approach
towards a-amination of carbonyl compounds. Control experi-
ments suggest the participation of intermediates with unpaired
electrons and the reaction stalls in the presence of radical
trapping agents. We have demonstrated the application of this
aza Rubottom in the amination reaction of silyl enol ethers
derived from cyclic ketones and acetophenones that react only
in the presence of light with readily available iminoiodinanes to
the corresponding a-amino carbonyl compounds. Further
applications in the derivatisation of natural products and drug
molecules are shown.
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