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METHODS 

• IQmol, GaussView & Gaussian 16 
• geometry optimisation, frequency and IRC @B3LYP/6-31G(d) 
• conformation analysis: XTB-GFN2 
• single point energies @B2-PLYP-D3/G3MP2Large 
• Cluster Isabella & HR-ZOO SUPEK @SRCE.hr & SW @PHARMA.hr
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CONCLUSIONS

• pyrrolidine (1,5-HAT) and piperidine (1,6-HAT) 

pathways are kinetically and thermodyanamically 
indistinguishable


• location of the most stable radical in the molecule

• molecular fragments can be used in prediction

• C6 radical may rearrange to more stable C2 radical 

via 1,5-HAT

• probable reason for pyrrolidine product

• radical stabilities play crucial role in determination of 

products

INTRODUCTION:


Hofmann-Löffler-Freytag (HLF) reaction has seen a 
resurgence in interest due to shift from metal-
based catalysis to organo-catalysis. Recent one-
pot approach requires hypervalent iodine oxidant 
combined with source of iodine (I2 or NaI) 
generates in situ halogenating reagent.

Homolytacally cleaved N-halogen bond under 
visible light produces N-centered radicals that 
rearrange to a more stable C-centered radical via 
1,5-HAT. This well described process produces 
predominately pyrrolidine, while trace amounts of 
piperidine is formed via competing 1,6-HAT.

Regioselective synthesis of piperidine is usually 
done when C5 position is blocked, or when C6 
position provides greater thermodynamic driving 
force.

1,2-HATNC N-rad 153.2 -20.3 C2-rad

1,5-HATCC C6-rad 57.4 -22.5 C2-rad

1,4-HATCC C5-rad 111.2 -21.9 C2-rad

N-tosyl-hexylamine

∆H‡298 ∆Hrx,298

START kJ/mol kJ/mol FINAL

1,5-HATNC N-rad 40.4 -9.3 C5-rad

1,6-HATNC N-rad 40.4 -8.7 C6-rad
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Abstract: Iodine reagents have been identified as economically
and ecologically benign alternatives to transition metals,
although their application as molecular catalysts in challenging
CˇH oxidation reactions has remained elusive. An attractive
iodine oxidation catalysis is now shown to promote the
convenient conversion of carbon–hydrogen bonds into
carbon–nitrogen bonds with unprecedented complete selectiv-
ity. The reaction proceeds by two interlocked catalytic cycles
comprising a radical chain reaction, which is initiated by visible
light as energy source. This unorthodox synthetic strategy for
the direct oxidative amination of alkyl groups has no
biosynthetic precedence and provides an efficient and straight-
forward access to a general class of saturated nitrogenated
heterocycles.

Nitrogen–halogen bonds have a long history in the synthesis
of pyrrolidines and related heterocyclic structures through the
amination reaction of a distant carbon–hydrogen bond.[1] For
such approaches with preformed chlorinated and brominated
amines, the transformation is known as the Hofmann–Lçffler
reaction (Scheme 1, top). Despite the great attractiveness of
such an approach for the synthesis of aminated five-mem-
bered-ring compounds, the required rather harsh conditions
have prevented wider application.[1a,b] Modifications of the
common protocol include the in situ formation of the
corresponding N-iodinated amides through the combined
use of molecular iodine and a large excess of commonly
available iodine(III) reagents[2, 3] with the requirement of an
external light source (Scheme 1, bottom). These reactions
usually start from compounds having electron-acceptor-sub-
stituted nitrogen groups and were employed largely in steroid
and carbohydrate chemistry.[3]

Although a significantly more desirable process from
a synthetic standpoint, a variant catalytic in iodine has not yet
been realized. Such a conceptually novel reaction is of
fundamental interest, since it would amount to a catalytic
remote CˇH amination of nonfunctionalized hydrocarbons
based on an iodine derivative as a benign non-metallic
catalyst. Molecular catalysis based on iodine[4] has recently
been considered an attractive, mechanistically distinct alter-
native to the far more common transition-metal catalysis,
although truly efficient protocols for CˇN bond formation
remain to be developed.[5]

The required principle for such a reaction was explored
for the representative compound 1a (Table 1). Overstoichio-
metric oxidation conditions[3] could be employed; however,
changing to catalytic amounts of iodine shut down the
reaction (entries 1 and 2). This problem could be overcome
by changing the carboxylate component of the hypervalent
iodine reagent from acetate to pivalate. With this oxidant it
was possible to reduce the iodine amount to a catalytic
20 mol%, while the results remained similar to those
obtained in the stoichiometric reaction (entry 3 vs. 4). Still,
a significant excess of iodine(III) reagent was required
(entry 5). Further modification of the iodine(III) reagent to
PhI(mCBA)2 (mCBA = 3-chlorobenzoate) provided quanti-
tative yields of 2a, even when a single equivalent of this
oxidant was used (entries 6 and 7). The amount of the iodine
catalyst could be successively lowered to 2.5 mol%, without
loss in yield, and still 95% yield was obtained at a catalyst
loading of 1 mol%. Reasonable conversion was still achieved
at 0.5 mol %, while the amination no longer proceeds upon
further decrease of iodine to 0.1 mol% (entries 8–12). The
optimized conditions call for only a single equivalent of
terminal oxidant, which demonstrates the effectiveness of the
new reaction. Usually, iodine-catalyzed reactions require an
excess of terminal oxidants.[4,6] Moreover, it is noteworthy
that the catalytic use of iodine provides a significantly cleaner
reaction outcome in the oxidation of 1a than a comparable
protocol using the overstoichiometric reagent combination I2/
3PhI(OAc)2,[3f] which forms product mixtures.[7]

Scheme 1. Hofmann–Lçffler reactions: classical reaction conditions
(top) and Suµrez modification (bottom).
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C6-centered radical 
rearranges to a more 
favourable C2-centered 
radical

N-triflouroacetyl-hexylamine

∆H‡298 ∆Hrx,298

START kJ/mol kJ/mol FINAL

1,5-HATNC N-rad 36.6 -37.9 C5-rad

1,6-HATNC N-rad 38.0 -30.3 C6-rad

1,5-HATCC C6-rad 57.6 -15.5 C2-rad
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N-tosyl-(5-phenyl)hexylamine

∆H‡298 ∆Hrx,298

START kJ/mol kJ/mol FINAL

1,5-HATNC N-rad 58.9 -13.3 C5-rad

1,6-HATNC N-rad 40.0 -44.2 C6-rad

1,5-HATCC C6-rad 88.1 25.0 C2-rad
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Two processes are indistinguishable. Both 
pyrrolidine and piperidine should be formed


