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Introduction

▪ 1-trimethylhidantoine radical (1-ITMH)

▪ Phenylaminyl Radical – Phenylaminyl Radical Complex

▪ Phenylthiyl Radical: Synthesis, Structure and Reactivity towards oxygen
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Radical Stabilization Energy (RSE)

Hydrogen transfer reaction tested to define the stability of N-radicals (A) and N-radical cations (B).

Hioe et al., Org. Biomol. Chem., 2015,13, 157-169
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R = CH3 inductive electron donation

R = Ph resonance delocalization

R = OCH3 or N(CH3)2 electron donation

R = C(O)CH3
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HOMO/SOMO orbitals (red/blue surfaces) in formamide (left), π-radical (cis-isomer, NImag = 0), and σ-radical 

(trans-isomer, NImag = 0). The CNH bond angles, N–C bond lengths (in angstroms), spin distributions (NPA 

values), and spin SCF densities (green/yellow surfaces) for π- and σ-radicals have been calculated at UB3LYP/6-

31G(d) level.

Hioe et al., Org. Biomol. Chem., 2015,13, 157-169

The effect of resonance stabilization
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Succinimidyl radical

Ring-opening reaction of succinimidyl radical (C16) yielding C-centered β-

(isocyanatocarbonyl)ethyl radical (C16a). Relative energies (italics, in kJ/mol) have

been calculated at G3B3 level.



Hal

BDEs / kcal mol–1 ∆H / 

kcal 

mol–1
NHalS PhCH2Hal

Cl 66.5 74 –7.5

Br 61.5 63 –1.5

I 56.8 51 5.8

Table 1. Bloomfield mechanism for Wohl-Ziegler 

halogenation reaction.

Iodination of toluene and other alkylated aromatic hydrocarbons
(Wohl-Ziegler)
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1-iodo-3,5,5-trimethylhidantoin
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1-IMTH: 43.50 kcal mol–1

benzyliodide: 46.72 kcal mol–1

N-Iodosuccinimide NIS: 61.97 kcal mol–1

BDEs at M06-2X/6-311G(d,p) 

43.50 kcal mol–1 46.72 kcal mol–1 61.97 kcal mol–1



Photochemistry of 1-ITMH

IR difference spectra showing the photochemistry of 1-ITMH during irradiation with λ=366
nm in argon at 10 K. Bands pointing downwards assigned to 1-ITMH disappear and
bands pointing upwards assigned 5 and 6 appear after 20 min irradiation time. 8



Thermochemistry of 1-ITMH

IR spectra showing the products of the FVP of 1-ITMH in argon with subsequent trapping at 10 K. (a)

Spectrum obtained after FVP at 700°C. (b) Spectrum of 1 calculated at the UM06-2X/6-

311++G(2d,2p) level of theory. (c) Spectrum of 4 calculated at the UM06-2X/6-311++G(2d,2p) level of

theory. 9
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(a) UV/Vis spectrum of 1-ITMH in an argon matrix at 10 K. (b) UV/Vis spectrum obtained after
FVP at 700 °C, indicative of radical 1. Inset: Computed [TD-M06-2X/6-311+G(2d,2p)] electronic

spectrum for 1.

Thermochemistry of 1-ITMH



Potential Energy Profile

11



M062X/6-311++G(2d,2p). Bond lengths are given in Angstrom. 
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Bond Lengths 



Spin Density

M062X/6-311++G(2d,2p)
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Radical Stabilization Energy (RSE)
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Synthesis of Phenylaminyl Radical

Allylphenylamine: 65.8 kcal mol–1

Hydrazobenzene: 52.9 kcal mol–1

BDEs at M06-2X/6-311++G(2d,2p) 



Phenylaminyl Radical
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Phenylaminyl Radical – d5
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Phenylaminyl radical – water complexes

M062X/6-311++G(2d,2p)
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-6.03 kcal/mol -2.63 kcal/mol

A B

-1.49 kcal/mol

C



Structures of Phenylaminyl radical – Water Complexes

Electrostatic potential (red, -4×10- 2 a.u.; blue, +4×10-2 a.u.;
mapped on a surface of constant electron density (0.02
electrons A-3) for the closed-shell molecules and open-shell
radical calculated at the M05-2X/6-311++G(2d,2p) level.

Crespo-Otero et al., ChemPhysChem, 2013,14, 805-811.

Closed-shell complexes between aniline and water calculated at the
M05-2X/6-311++G(2d,2p) level.

Open-shell complexes between phenylaminyl radical and water
calculated at the M05-2X/6-311++G(2d,2p) level.
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Phenylaminyl radical – water complexes
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Phenylaminyl radical

23Philipp Wagner



Phenylaminyl radical – water complexes
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Nagaya and Nakata, J. Phys. Chem. A, 2007, 111, 6256-6262

Tunneling reaction in electronically exited states!
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Conformational Isomerization of Formic Acid by Vibrational
Excitation at Energies below the Torsional Barrier

Pettersson et al., J. Am. Chem. Soc., 2003, 125, 4058-4059

The conformational isomerization occurs most probably vie the tunneling mechanism assisted by

solid state energy relaxation.
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Phenylthiyl radical: Photoinduced hydrogen-atom detachment

Reva, Nowak, Fausto, Phys. Chem. Chem. Phys., 2015,17, 4888-4898
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Phenylthiyl radical
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Matrix Isolation



32

Peroxy Radical



33

Acknowledgements

Prof. Dr. Peter R. Schreiner

Philipp Wagner

Dr. Dennis Gerbig, Henrik Quanz, Michael Linden

PRS Group


