From aminyl radicals to cations.
Mechanism switch In Hoftmann-Loffler-Freytag-like reactions

Gabrijel Zubgi¢, Sofia Shkunnikova, Davor Sakié

University of Zagreb, Faculty of Pharmacy and Biochemistry
Ante Kovaci¢a 1, 10000 Zagreb Croatia

Communication

pubs.acs.org/JACS

DOI: 10.1021/jacs.5b03488
J. Am. Chem. Soc. 2015, 137, 7564-7567

JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

lodoarene-Catalyzed Stereospecific Intramolecular sp* C—H
Amination: Reaction Development and Mechanistic Insights

Chendan Zhu,Jr Yon% Liang,;t Xin Hong,i Hegqing Sun,Jr Wei-Yin Sun,Jr K. N. Houk,""i’§
and Zhuangzhi Shi*

Hofmann-Loffler-
Freytag (HLF) reaction
has seen a resurgence in

250, base cilnéZ:ZTts?; teotcc)) rsr;i:‘]tof_rg;arrz;t:l— In recent literature, HLF-like reaction has been observed that
N - Recent one-not ay ‘oach ?e Uires h 4 er\./alent proceed to give products with retention of chirality. Using same
I|3r , H odine com ouﬁd wii)rﬁ)source OC]IC iodiney(llo or Nal) hypervalent iodine as oxidant, but without source of iodine and
\/ / | for generatiag radical precursor, that canzunder uy| |Without irradiation, this reaction avoids radical mechanism!
1. HSO, Al ) N irradiation form N-centered radical.
2.140°C / 1 55'HAT transfer iy Rearrangement to a more stable C-centered
X radical via 6-membered ring transition state is well O Phi O
k- .
aﬁa bl;Ize N , described. _OCH; m-CPBA
N N o+ N, HF P g N—-OCHj;
H H Br Thermodynamics of HLF H
|>| reaction can be —H 7
. . approximated using BDE O =
Original Hofmann-Loffler-Freytag : H values of N- and Ccontered — PhI(OAC),/l,
(HLF) reacton radicals. Kinetics of the reaction R 0 hy A _
can be then estimated using Bell-Evans- PhI(OAC),/| _|pp | Retention
Polanyi principle. Radicals themselves can be O ! 22 of chirality
divided roughly into high (red), moderate (yellow) \ _ O
and low (blue) reactivity / O Fl’h
N
RADICAL REACTIVITY A =0 N
— N R OCHj
RSE  BDE(N-H) RSE Hypervalent iodine i
(R2N-H) (RgC-H) compound used in
[kJ/mol] it
O modem TS, IRC, OPT & FREQ @ G16 @ M06-2X/6-31G(d) @ SRCE
(+16.5) H;3C. N)J\CFS | B +40 - — e
: N ean CATION REACTIVITY
‘ — +20 — 470 ] — -
O \\ B ] i@
(+1 7) HSC\ N )J\O \\_ _ )\ /Ji H
: B - +20- NS . H _ '
0 (0.0) N ©
) . |[+450.1] O%\ O)\ O)\\
('05) H3C\ N ‘\CH TR O B 450 ] B a
[+439.3] o
OO0 O@ — — 0 — AHx  -266.6
(-15.8) \ / *CHj _ _1®
F.Ca N T 12.5
Sh -20 (430 .- U189 @ PN N @ﬁ/
—_ - -~ >~ I > N
(-25.7) 5o N-CHg - CHyCH3  (-15.1) N . _ﬁ H
H3C \ N Ir_ ) _____ R [ _20 — - \/ ('237) /V
O /I / - - e - —
O o Cl AH 7.9
@ /I // B 40 41 O - \Q/\CI ('273) AHx -2061.7
__Cl__Cl
(-28.9) | s . h ) : (-34.2) ) 16
N (-30.4) I|\I — — 40 — ) Q/ (-34.8) )\ /j\h Ph
| ‘ .0 ®
H CHs | -~ e - | 07N - O)\N’\O\
2 Cl\ _Cl (-44.4) .0 H
- 60 300 - N 07NN ' N
(-55.7) e S
N _@ AHE 4.2
. I, - - 60 — - (-61.2) AHr  -153.8
= , (-62.7) . . .
(-59.3) | —_80 — 370 _ Mechanism switch was observed for reactions where very stable N-centered
N N’ H radicals are involved. Crucial step is the priming of compound with hypervalent
. lodine reagent that gives N-iodonium intermediate, after acyl dissociation.
Rearrangement via hydride shift is observed with very low barriers producing more
. stable carbocations. Subsequent concerted electrophilic attack of carbocation on
DOL: 10.1002/adsc. 201600625 éﬁgfsis& nitrogen, forms the C-N bond. As this is an concerted reaction, chiral information is
preserved. Based on this, even compounds that involve very stable N-
@ very Important Publication AHzgg centered radicals can be activated via cationic pathway to produce C-N
Radical Stability as a Guideline in C-H Amination Reactions Q\ 1,5- (kJMol) " honds. Reevaluation of all HLF reactions involving stable N-centered
Davor Saki¢* and Hendrik Zipse™ N Ny I +6.0 radicals should be made in order to find if cationic mechanism has been
' / : triggered.

Organic &

Biomolecular Chemistry

CrossMark
& click for updates

' ROYAL SOCIETY
(OF CHEMISTRY
u

The stability of nitrogen-centered radicalst

Cite this: Org. Biomol. Chem., 2015, Johnny Hioe,? Davor Saki¢,® Valerije Vréek*® and Hendrik Zipse*?

" Organic & _
Biomolecular Chemistry

13,157

W) Check for updates

Cite this: Org. Biomol. Chem., 2021,

19, 854

Sofia Shkunnikova,® Hendrik Zipse

I ROYAL SOCIETY
PPN OF CHEMISTRY

Role of substituents in the Hofmann-Loffler—
Freytag reaction. A quantum-chemical case
study on nicotine synthesis+i

® and Davor Saki¢ (2 *@

ol

| )
BDE(C-H) =
+427.2 kJ/mol

BDE(N-H) =
+421.2 kJ/mol

Thermodynamics of
HLF reaction

1,5-

> +32.8
HAT / I

BDE(N-H) =
+394.4 kJ/mol

‘-', HIZZ
LIGHT 3> RING

Finanancial support provided through Croatian Science Foundation
grant no. UIP 2020-02-4857 “Light-Driven Functionalization of

Unreactive Sites Using Oxidative Amination® LIGHT-N-RING at
University of Zagreb Faculty of Pharmacy and Biochemistry.



