Detecting elusive radicals using spin traps.
Case study on Hofmann-Loffler-Freytag reaction
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Hofmann-Loffler-Freytag reaction

~ LIGHT £y RING

e The Hofmann-Loffler-Freytag (HLF) reaction was discovered in Synthesis

the late 19t and has advanced rapidly in the last 20 years

e |t is used to form a C-N bond at unsubstituted C-H positions,
as well as to insert pyrrolidine and piperidine rings in an
environmentally friendly manner, without the use of expensive 0

HsC
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metal catalysts and through highly efficient syntheses /\/\)\ . HsCOﬁ—Cl

e Mechanism of this reaction is not yet clearly understood, and O
further experiments are needed to determine all reaction
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Electron paramagnetic resonance and HLF /\/\j\l\ 0 N
e N-centered radical has supposedly been detected via EPR DCM. 1t 2Zh
measurements by the Muniz group.ll This would represent the SR
first detection of radical intermediates in the HLF reaction e
3
e However, suspicion was raised by Khort, 2l who has disproved
work done by the Muniz group with his calculations
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00 Materials and methods
0,02 e Thin-layer chromatography-TLC on pre-coated TLC plates ALUGRAM SIL G/UV254, 0.20
0,03 mm silica gel 60 with fluorescent indicator UV254 (Macherey-Nagel) in the appropriate
0.04 solvent system, with UV detection at 254 nm after immersion in an aqueous solution of
3430 3450 3470 3;9:gne;21£ield :(32;3)0 3550 3570 3590 KMnO4 fO”OWGd by heating
0,02 e Column chromatography on silica gel (Macherey-Nagel) 0.063-0.2 mm, and appropriate
solvent mixtures were used as eluents: petroleum ether/ethyl acetate
0,01
o e [FTIR spectra recorded on an Agilent Cary 630 FTIR spectrometer with air as background.
20,01 e EL EXSYS E 500 EPR X-band spectrometer (Electron paramagnetic spectrometer) with
0.02 visualEPR for visualisation
0,03 e Spin trap: PBN, N-tert-butyl-a-phenylnitrone
o e Kessil lamps: 370 nm, 427 nm, 467 nm, 525 nm
0,05
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CONCLUSIONS

e H|[ F reaction works
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e Reactive intermediates cannot be caught without PBN
e Short lifetime of reactive intermediates
e PBN captures all radicals; w/ chlorine - very fast reaction

¢ Difficult to see the N-radical and the conversion of N- to C-

e (co)excess of PBN leads to reactions of PBN with itself

e Future attempts will be made to trap N-radicals by freezing



