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PARTIALLY FLUORINATED ARENES

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

- less accessible than perfluoro- and perfluorochloroarenes;
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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
perfluoro- and perfluorochloroarenes —
the shortest pathway to partially fluorinated
arenes
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Mechanistic background:
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key steps — the formation and
further fragmentation of
the polyfluoroarene radical anion




Influence of fluorine accumulation on the decay rate of

polyfluoro benzoate radical anions

Method: photoinjection of electrons
from a mercury cathode
iInto aqueous electrolyte solution
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decay

e
Fr products

arene radical anion decay
Is dramatically accelerating
with fluorine accumulation

near-by location of
substituents is
favorable
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compound ke (s71)
2-F-C4H,CO, (1.5+0.8) x 104
3-F-C;H,CO, >3 x 103
4-F-C,H,CO, (5¢2) x 10°

2,3-F,-C;H,CO,’
2,4-F;-CcH,CO;"
2,5-F -C¢H,CO,’
2,6-F ,-C¢H,CO,
3,4-F,-C.H,CO,
3,5-F,,-C H,CO,’

2,3,5-F;-CH,CO,’
2,3,6-F ,-CH,CO,’
2,4,5-F ,-C.H,CO,
2,4,6-F ,-C,H,CO,"
3,4,5-F -C.H,CO,’

2-H-CF,CO,
3-H-CF,CO;
4-H-C F,CO,

C,FCO,"

(1.6£0.8) x 107
(1.520.7) x 107
(1.4£0.6) x 10°
(1.9%£0.8) x 106

(7£3) x 107
(1£0.8) x 104

(6.5%2.5) x 103
(1.1£0.5) x 108

(1.120.5) x 108
(6.5%2.5) x 107
(3.2+1.5) x 108

(1.7£0.6) x 108

(1.2£0.8) x 10°
(2.1%0.8) x 107

(1.220.8) x 10°




Preparative hydrodehalogenation of polyfluoroarenes

ArfF M . > Aer
ammonia
containing
media
CO2 COs CO, CO; CO;
o) e (0 e O
NH, F F F
ig. NHy 1
2-8%, <3% 7-9% 1-4%

no more than 40% conversion regardless of
the sequence of reagent mixing



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 agueous ammonia
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Polyfluorochloroarene selective hydrodechlorination

Cl H
A — @)
Cl H H H H
GESGHGHGsIGe
=
Fl| — + + +
NN
\ H
Cl 4
Cl H H H
C) Cl Cl Cl CI H H H

C
x{ H minor products
@@ —> +  derived from
P Y a-isomer



Selective ortho-hydrodefluorination of
polyfluoroarylamines — the chalenging task to
open a concise route to polyfluorobenzo
nitrogen heterocycles

staple problem
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Polyfluoroarylamines available via direct
ammonolysis of base polyfluoroarenes:
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implantation of the amino group blocks hydrodefluorination




Likely origins of the amino group blocking effect:

7~ X
X \/><
electron
affinity

experimental 0.5-0.8 eV -

EE(IDC%:?EEI)_‘;E(GP%- 0.60 eV 015 eV
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electronic nature_ pf
the pentafluoroaniline
radical anion

Stationary PES structures of CgFsNH,™
Structure E ot Ee =A%
A () -783.454080 (minimum) 0) 0.13
B (7) -783.452660 (minimum) | 0.89 0.10
(0) -7183.452575 (saddle) 0.94 | 0.09

E.:-a.u., E, - kcal/mol, EA - eV



PES minima of C;F;NH,™":

A O O
: energy difference - no
de,tze,{';‘;‘i'ar:,es more than ~1 kcal/mol;

energy barrier -
negligibly small

The general conclusion:

most likely reason of the amino
group blocking effect —
diminishing electron affinity




NH, | NHCOCH- NHCOCH-
i Nz H
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acetylation of the amino group
deblocks hydrodefluorination

NHCOCHS5 NHCOCHS NHCOCHS5

H ~_H ~_H
GG
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CFj
yields 40-70%



Electrochemical reduction potentials
(CVA, DMF, Pt electrode, (n-Bu),NBF,)

HCOCH3 HCOCH3

210V 1.64 V -(>2.6) V



PBE/6-31+G™ calculation
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the likely origins of the N-acetylation
deblocking effect: electronic influence of
the COCH,; group + sterically induced out-

of-plane dewatlon of the NHCOCH group

unpaired electron MO spatial structure
of CsFsNHCOCH» of CsFsNHCOCH»



NHCOCH; NHCOCH, NHCOCH;

H
Zn @ N
_Zn2+ @

duration, products, H
h %
first phase 1.2 6 9
3 12 2
second phase O 20 15
13 51 16
with 1.2 21 3
ZnCl, +1 3 72 11
additive 2 78 13
40% isolated
yield

Zn?* selectively induces ortho-hydrodefluorination




Suggested mechanism

first phase
NHCOCH;, NHCOCHﬂ7
Zn
Zn%"
NHCOCH;  _ NHCOCHS3
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second phase




Reaction acceleration by the cupruous salt additive

NHCOCHS3 NHCOCHS3

Zn + CU2C|2= H
30% NH;

NHCOCHS; NHCOCH3; NHCOCH;

H Zn + CU20|2> H + H
30% NH3 |

30 ; 1
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=F —> X=Cl

change of the nature of the MO
accepting an electron




Selective ortho-hydrodehalogenation of polyfluoroarylamines —
unprecedentedly concise route to
polyfluorobenzo azaheterocycles

NHCOCHj5 NHCI_CI>CH3 CHyCHCH,
s OH OH OH @
H2804 N/

ArNO
X 2 70-75%

NHAC NHAC

H F3C HOOC
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140°C
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the likely reason of nonselectivity of the

reduction in liguid ammonia: the electron

diffusion is much faster than the molecule
diffusion

Na or E/NH3
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full (a.u.) and
relative (kcal/mol)
energies of isomeric
radicals NH,CgzF 5e

- para-fragmentation
of CzF,NH,™ occurs

easier than for CgF5™

isomer Eiot Erel
para -683.561263 0.
ortho -683.560692 0.36
meta -683.558827 1.53
20 4 //

' CeF: N
AE A 666 .
. —

_*//-*@'F'CstArN H2_.
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Orientation of pentafluoroacetanilide hydrodefluorination

in the absence of Zn2*

C-F bond out-of-plane e;[hneuglrée(;lgﬁﬁ;eoli;

deviation . the SyAr mechanism
() = Q == &
X/

the anionic c-complex
modeling the TS of
radical anion

the ?ubstll’guent
not exerting
significant \

electronic effect fragmentation
NHCOCH3 NHCOCH, NHCOCH3 NHCOCH;
@ I NG

the most active position
in the SyAr mechanism



Literature data on the synthesis of
2,3.,4 5-tetrafluoroaniline
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Present approach
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Regioselectivity
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NHCOCH;

BoeIBOIEBI; E 3

F F
F

- PELICITOPOM SJICKTPOHA B IIEHTAPTOPaALICTAHUIINIC
CKOPEE BCETrO SIBISACTCS NEHTaPTOPOEHUIBHOE KOIBIO;

- OBBILICHUE CPOJCTBA K AJICKTPOHY IIPH IIEPEXOJIE OT
neHTadTopaHUIMHA K ero N-alleTUILHOMY
IPOU3BOJHOMY OOYCIOBJICHO I10/1aBJICHHUEM
T-3JIEKTPOHOJOHOPHOTO 3(P(EKTAa 3aMECTUTENS KaK
AJICKTPOHHBIM BIIMSHUEM KapOOHUJILHOM I'PYIIIIHI,
TakK U BEIBOAOM 3aMecTuTesist NHCOCH;,

13 INIOCKOCTU O€H30JIbHOT'O KOJIbIIA.



the likely origins of the N-acetylation
deblocking effect: electronic influence of
the COCH,; group + sterically induced out-
of-plane deviation of the NHCOCH,; group




MO symmetry correlation
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