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PARTIALLY FLUORINATED ARENES

- less accessible than perfluoro- and perfluorochloroarenes;

- versatile valuable starting materials for the synthesis of
fluorine    containing compounds suitable for diverse
application;

CHALLENGING PROBLEM

to develop a concise and highly selective synthesis of partially

fluorinated arenes by using perfluoro- and perfluorchloroarenes

as precursors
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Selective hydrodehalogenation of 
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the shortest pathway to partially fluorinated 
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Mechanistic background:
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further fragmentation of 
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Influence of fluorine accumulation on the decay rate of 

polyfluoro benzoate radical anions

Method: photoinjection of electrons 
from a mercury cathode

into aqueous electrolyte solution

arene radical anion decay 

is dramatically accelerating

with fluorine accumulation
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Preparative hydrodehalogenation of polyfluoroarenes

no more than 40% conversion regardless of 

the sequence of reagent mixing
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Zinc in ammonia containing media – the reagent 

for selective monohydrodehalogenation

of polyfluorinated aromatic ring
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Zinc in aqueous ammonia – the simplest 

reductive system for hydrodehalogenation

of polyfluoroarenes
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Per(poly)fluoroarene selective hydrodefluorination

by zinc in aqueous ammonia
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Polyfluorochloroarene selective hydrodechlorination

H

F F

Cl

Cl
H

+

H

F

H

H

F

H

+

H

F

Cl

+

H

F F

Cl

Cl Cl

+

Cl Cl

H

F

HCl

+

H

F

HH

F

Cl

F FF

H

H

+
minor products
derived from
α-isomer

H

F F

Cl

99%

хлорсод

ержащи

е



Проблемааминов
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staple problem

Selective ortho-hydrodefluorination of 
polyfluoroarylamines – the chalenging task to 
open a concise route to polyfluorobenzo

nitrogen heterocycles
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implantation of the amino group blocks hydrodefluorination
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эффект аминогруппы (энергетика)

Likely origins of the amino group blocking effect:

F

experimental 0.5-0.8 eV -
0.60 eV 0.13 eV
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electronic nature of 
the pentafluoroaniline

radical anion

Stationary PES structures of C6F5NH2¯˙ 

Structure Etot Erel  EA
ad
 

A (π) -783.454080 (minimum) 0      0.13 

B (π) -783.452660 (minimum) 0.89  0.10 

(σ) -783.452575 (saddle) 0.94  0.09 
 

Etot - a.u., Erel - kcal/mol, EA - eV

первой 

стадии



PES minima of C6F5NH2¯˙:

A B
energy difference - no 
more than ~1 kcal/mol; 

energy barrier -
negligibly small

determines 
ЕАadiab

computationally predicted properties of C6F5NH2¯˙:

- spatially flexible;

- easily changes the electronic state and electronic
density distribution between all С-F fragments, thus
allowing all directions of fragmentation;

The general conclusion:

most likely reason of the amino 
group blocking effect –

diminishing electron affinity
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PBE/6-31+G* calculation

unpaired electron MO

of C6F5NHCOCH3

spatial structure

of C6F5NHCOCH3

LUMO of 

C6F5NHCOCH3

spatial structure

of C6F5NHCOCH3

the likely origins of the N-acetylation
deblocking effect: electronic influence of 
the COCH3 group + sterically induced out-
of-plane deviation of the NHCOCH3 group  
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Reaction acceleration by the cupruous salt additive 
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quinolines
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Selective ortho-hydrodehalogenation of polyfluoroarylamines –

unprecedentedly concise route to 

polyfluorobenzo azaheterocycles
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full (a.u.) and 
relative (kcal/mol) 
energies of isomeric
radicals NH2C6F5•

 

isomer Etot Erel 

para -683.561263 0. 
ortho -683.560692 0.36 
meta -683.558827 1.53 
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Orientation of pentafluoroacetanilide hydrodefluorination

in the absence of Zn2+
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Literature data on the synthesis of 

2,3,4,5-tetrafluoroaniline
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Present approach
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Выводы:

- рецептором электрона в пентафторацетанилиде
скорее всего является пентафторфенильное кольцо;

NHCOCH3

F

F

F

F

F

- повышение сродства к электрону при переходе от
пентафторанилина к его N-ацетильному
производному обусловлено подавлением 
π-электронодонорного эффекта заместителя как
электронным влиянием карбонильной группы, 
так и выводом заместителя NHCOCH3

из плоскости бензольного кольца.



the likely origins of the N-acetylation
deblocking effect: electronic influence of 
the COCH3 group + sterically induced out-
of-plane deviation of the NHCOCH3 group  
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