Role of substituents in Hofmann-Loffler-Freytag synthesis of nicotine.

A quantum chemical study
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Recently, synthesis of (S)-nicotine has been achieved by N N 0O
using Hofmann-Loffler-Freytag (HLF) methodology. The XN .
original procedure using the same methodology has been R1 R2
done at the beginning of the 20t century, but the
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products were a racemic mixture. Crucial step in the HLF 603, Karl Lotflor und Samy Kober Orgimt% — R——
. . - . Ir . e ers & Cite This: Org. Lett. 2019, 21, 705-708 pubs.acs.org/Orglett
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In order to find better synthetic routes for the original (racemic mixture)
AHt kdJ/mol product and the stereoselective one, both N- and C-substitution effects AH* kJ/mol
90 | 0.6246x + 50.74 on the HAT step of the reaction were quantified. 701~ 0.6274x + 50.978 &, .
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AHu kJ/mol A characteristic of hydrogen atom transfer (HAT) processes. AHw kJ/mol

Node is located at transferring hydrogen atom.

Intramolecular HAT-reactions

- hydrogen atom transfer (HAT) VS proton coupled electron

* intramolecular HAT reactions for stereoselective and non-

transfer (PCET) elucidated via SOMO orbital- HAT wins R1 R2  AHx AH# stereoselective synthesis of (S)-nicotine
- relationship between AH and AH#* of the intermolecular » kd/mol kJ/mol ~ ° Precursor evaluation as p.re-optimisa.tion. of synthesis-
HAT reactions is linear complying to Bell-Evans—Polanyi 12 11 -H H 4785 4565 finding the thermodynamically and kinetically favourable
BEP) principl | | route of nicotine synthesis.
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- for spontaneous reaction: = 5 - BEP principle works here (similar intercept and slope)
- destabilisation effect on N-centred radicals | L3 -Tos H 4300 3095, offect of N-substituents on HAT step of the non-
. stabilisation effect on C-centred radicals ~ L4 -+Boc -H 8450 20.90 stereoselective synthesis observed in 75 kJ/mol range
- amide-type N-centered radicals are most destabilised N L5 -COCHs -H 8722 1619 . very stable pyridyl C-centered radical is formed
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- often used tosyl protecting group is mediocre LEff1er, Kober XN ~ a 0.58  synthesis observed over 50 kd/mol range
- same functional group has stabilising effect on C-centred R1 b 6614 °* synergistic effect of the substituents evaluated across 80
radical and destabilising effect on N-centred radical R2 0.94 kd/mol range.
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