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Hofmann-Lofller-Freytag reaction
* Tool inside the C-H functionalization toolbox
 Product of the reaction Is pyrrolidine and more sparsely piperidine
* It Is defined as a late stage functionalization synthetic strategy

« Has the potential to become an organo-catalysed reaction in mild
conditions in keeping with green chemistry principles



Original Hofmann-Lofller-Freytag (HLF) reaction
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"Corey modification" of the HLF procedure
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""'Suarez modification" of the HLF reaction
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@ Very Important Publication
Radical Stability as a Guideline in C-H Amination Reactions
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RSE and BDE values for selected C-centred radicals
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The effect of reaction medium on the thermochemical profile
of the HAT step for the classical HLF reaction scheme
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Thermochemical profile of 1,5-HAT step for the
"Corey modification"
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Thermochemical
profile of 1,5-HAT
step within the
""'Suarez
modification" and
Intermolecular HAT
Involving solvent
molecules

BDE(C-H) = BDE(N-H) =
fa) +376.6 kl/mol FA213 Klimel s,
4

Ph !‘. H . _.--Tk-l:h Ph. - H ‘1{'_ .p-T':F.-I"]{.J- 1:1L"l|.:|

N
J 1.5-HAT 447
H,[.—"
BDE(C-H) = BDE(N-H) =
+415.6 kJ/'mol +421 3 kIlmel

P H N ~los Py H f‘“‘; L1005
) 1.5-HAT ' 5 7
H\r.x —_—

(b}

- "'H_-"ﬁ"“ O
.
R
- o 162

S
Iy x_
—
W o
Wy i _.".i:."-_
}
- W 43

Saki¢. D. and Zipse. H.. Adv. Syath. Catal.. 2016, 358, 3983-3991.



. HNR, + CHyCH, ——= NR, +  CHyCH
Organic & ™ ROvAL SOCIETY . o o e
H H OF CHEMISTRY
Biomolecular Chemistry - 91y 8185 D308 s FESONTS
-10 -To -?o 40 30 -ﬁo -}o ? 1f ASE (i
1 1 1 1 1 1 1 L kJ/mol
PAPER o
AHF Y
kd/mol SN L BN 0
M) cneckiorupaates  ROle Of substituents in the Hofmann—Loffler—- 1 7 / ? )J\K
- Freytag reaction. A quantum-chemical case P Pl £
Cite this: Org. Biomol. Chem., 2021, st d on nico tine n thesis '{' i 50— a ! -
19, 854 uay Sy i ; - N.:; \NJJ\H
Sofia Shkunnikova,? Hendrik Zipse 2 ® and Davor Saki¢ () *2 - e 4 N7 ’I*;" , 3
R — - o T | : :A |
HCR3 + CHJNH ——~ CRy +  CHgNH, ) " \ ' °N S V0
RH 16 R 16H 30— o >=:()-§ <
-70 -60 -50 -40 -30 20 -10 0 N @o o)T S oy
L ! | L | 1 | 1 | 1 . AHpxn208
RSE!(RsC-H) 20 T 7 T " T " T " T ' kimol
70 —| AH¥y98 = 50.8 + 0.47AHpn 208 R2 = 0.8770 ! kJ/mol 50 ! 10 20 '30 40
cha CHaTH 5 : BDEjeq
eHis ' " T " T " T "7 " 71T "7 " T " 717 " 177 wimol
370 380 390 400 410 420 430 440 450 460

AHF | 0
kJ/mol J<

vo ¥ E6er

Aern,298
kJ/mol

BDEj0g
| kJ/mol




Application of Bell-Evans-Polany principle
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Summary

Calculations have been done with a goal to elucidate the
parameters guiding the HLF reaction.

However, much work is left to be done!

A switch that accounts for 15 or 1,6-HAT
regioselectivity is to be determined.

The role of the oxidant in the shift from inter- to
Intramolecular HAT steps has to be quantified.

A switch between ionic and radical pathways Is to be
established.
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