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Abstract:	Review	considers	the	reactions	of	alkylation,	arylation,	alkenylation,	and	alkynylation	of
polyfluoroarenes	and	–hetarenes	occurring	in	the	aromatic	ring	and	leading	to	the	formation	of	CAr-C
bond.	Review	contains	information	on	the	traditional	methods	of	conducting	such	transformations
which	 include,	 for	 example,	 reactions	 of	 polyfluoroarenes	 with	 electrophilic,	 nucleophilic,	 radical
reagents.	Along	with	these	methods,	reactions	using	of	metal	complex	catalysis	are	considered.	The
application	of	metal	complex	catalysis	expands	the	area	the	substrates	used.	This	method	includes
cross-coupling	reactions	between	metal	or	metal	compounds	and	aryl	halides	catalyzed	by	transition
metal	complexes	with	various	organic	 ligands.	Kumada,	Negishi,	Suzuki,	Stille,	Hiyama,	Heck,	 and
Sonogashira	 reactions	 are	 presented.	 For	 polyfluoroarenes	 and	 –hetarenes	 CAr-Hal	 bond
transformations	involves	also	CAr-F	bond.

Keywords:	 polyfluoroarenes	 and	 –hetarenes,	 alkylation,	 arylation,	 alkenylation,	 alkynylation,
metal	complex	catalysis,	palladium	catalysts,	cross-coupling	reactions.

III.	Transformation	involving	CAr	–	Hal	bond	(Br,	Cl,	I)

1.	Reactions	with	Na-	and	Mg-	organic	derivatives

2.	Reactions	with	B-	organic	compounds	(Suzuki	reaction)

3.	Reactions	c	Cu-organic	compounds	and	copper	catalysis

4.	Production	and	transformations	of	Zn-organic	derivatives

5.	Reaction	with	Sn-organic	derivatives	(Stille	reaction)

6.	Reaction	of	Si-organic	derivatives	(Hiyama	reaction)

7.	Reactions	of	Li-organic	compounds

mailto:petrova@nioch.nsc.ru
mailto:platonov@nioch.nsc.ru


8.	Alkenylation	reactions

9.	Alkynylation	reactions	of	polyfluorohalogenated	arenes	(Sonogashira	reaction)

In	 this	chapter	we	consider	alkylation,	arylation	 (hetarylation),	alkenylation	and	alkynylation
of	polyfluorohalogenated	arenes	(Hal	=	Br,	Cl,	 I),	 that	selectively	occur	by	CAr-Hal	bond	with
substitution	of	the	halogen	with	an	appropriate	group.	Most	of	those	reactions	are	based	on
the	direct	nucleophilic	substitution	of	halogen	in	the	presence	of	various	catalysts,	sometimes
via	 the	 formation	 of	 intermediate	 polyfluorinated	 organometallic	 compounds	which	 undergo
further	transformations	to	result	in	final	products.

1.	Reactions	with	Na-	and	Mg-	organic	derivatives

Methyl-(3’,4’,5’-trifluorophenyl-3,3,3-trifluoropropylsulfonyl)acetate	 is	 produced	 from	 3,4,5-
trifluorobromobenzene	 and	 methyl-(3,3,3-trifluoropropylsulfonyl)acetate	 in	 the	 presence	 of
sodium	hydride	(Scheme	64)	[158a].

A	 convenient	 method	 for	 the	 production	 of	 asymmetric	 polyfluorinated	 biphenyls	 is	 the
coupling	of	phenylmagnesium	bromides	with	polyfluorochloro-	or	 -	bromobenzenes	using	 for
effective	catalysts	some	combinations	of	N-heterocyclic	 carbene	 (NHC)	with	 fluorides	of	 Fe,
Co,	Ni	(Scheme	65)	[159].

The	 attempts	 to	 produce	 polyfluorinated	 methoxyderivatives	 of	 1,1'-binaphthyls	 via	 the
coupling	 of	 1-bromo-2-methoxy-5,6,7,8-tetrafluoronaphtalene	 with	 2-methoxy-1-
naphtylmagnesium	bromide	or	with	1-Li-naphthyl	derivative	 in	 the	presence	of	NiCl2(PPh3)2,
or	starting	with	the	corresponding	1-iodonaphtalene	derivative	in	the	presence	of	Pd(PPh3)4,
were	 not	 very	 successful	 because	 of	 low	 yields	 (<10%)	 of	 the	 target	 binaphthyl	 [40].
However,	 the	 problem	 was	 successfully	 solved	 by	 intramolecular	 radical	 cross-coupling	 in
polyhalogenated	naphtyl	ester	of	2-methoxy-naphthalene-1-sulfonic	acid	(Scheme	66)	under
the	action	of	1-ethylpiperidine	hypophosphite	(EPHP),	and	α,α’-azobis-isobutyrodinitrile	 (AIBN)
[40].	 It	 is	 assumed	 that	 a	 radical-induced	 1,5-ipso-substitution	 occurs	 via	 a	 spirocyclic
intermediate	capable	of	rearomatization	by	the	loss	of	SO2.



Another	 variant	 of	 the	 reaction	with	Mg-organic	 derivatives	 involves	 the	 formation	 of	Mg-
organic	 compound	 with	 halogen	 taken	 from	 the	 initial	 polyfluorophenylhalogenarene	 that
further	reacts	with	its	precursor,	or	with	another	halogenated	derivative.	For	example,	in	the
treatment	 of	 3,4-	 and	 2,4-difluorobromobenzene	with	magnesium	 in	 THF,	 and	 subsequent
addition	 of	 CoCl2	 in	 catalytic	 amount	 (5	 mol%)	 the	 coupling	 reaction	 occurs,	 and
corresponding	 tetrafluorobiphenyl	 is	 formed	 with	 yield	 48%	 or	 65%	 [160].	 Some	 other
examples	are	shown	in	Scheme	67.

Difluorophenylmagnesium	bromides	obtained	from	isomeric	difluorobromobenzenes	(3,4-F2
[163],	3,5-F2	 [122,	164,	165],	2,5-F2	 [166]),	2,5-difluorophenylmagnesium	chloride	[167],
polyfluoroarylmagnesium	 bromides	 obtained	 from	 2,4,5-trifluorobromobenzene	 [168],
2,3,5,6-tetrafluoro-4-bromopyridine,	 and	 bromopentafluorobenzene	 [168,	 169]	 react	 with
various	 carbonyl	 compounds	 involving	 their	 carbonyl	 groups	 and	 result	 in	 corresponding
oxyalkylation	products.

2.	Reactions	with	B-	organic	compounds	(Suzuki	reaction)

Suzuki	 reaction	has	already	been	discussed	 in	Chapter	 II	2.3.	Here,	 this	reaction	 is	shown
with	 reference	 to	 cases,	 when	 halogen	 (Br,	 Cl,	 I)	 of	 original	 polyfluorohalogenarene
participates	 in	 the	 reaction.	 Some	 examples	with	 aryl-	 and	 hetarylboronic	 acids	 are	 shown
below	(Scheme	68).





	



The	 examples	 of	 reactions	 with	 fluorinated	 arylboronic	 acids	 include	 the	 reaction	 of	 3-
fluorophenyl-	and	4-fluorophenylboronic	acids	with	2,4-	difluoroiodobenzene	in	the	presence	of
Na2CO3	 and	 Pd(PPh3)4,	 which	 results	 in	 the	 formation	 of	 2,3',4-trifluoro-	 and	 2,4,4'-
trifluorobiphenyls	with	yields	of	94	%	and	88	%	correspondingly	[	73].

3.	Reactions	c	Cu-organic	compounds	and	copper	catalysis

Cross-coupling	 of	 various	 aryl	 groups	 is	 the	 most	 important	 step	 in	 the	 manufacture	 of
perfluorinated	 branched	 oligophenylenes,	 new	 electron-transport	 materials	 to	 be	 used	 in
diodes,	 and	 in	 this	 respect	 the	 most	 satisfactory	 results	 are	 due	 to	 Cu-organic	 chemistry
[180].	 Scheme	 69	 shows	 a	 route	 to	 one	 type	 of	 dendrimers	 that	 involves	 Cu-organic
derivatives.



5,5',6,6',7,7',8,8'-Octafluoro-2,2'-dimethoxy-1,1'-binaphthyl	(1)	(Scheme	70)	was	produced
from	1-bromo-2-methoxy-5,6,7,8-tetrafluoronaphtalene	(2)	through	the	cross-coupling	in	the
presence	of	 copper,	by	 the	Ullman	 reaction	with	yield	85%	 [181].	 The	attempt	 to	use	 this
path	 for	 the	 production	 of	 partially	 fluorinated	 binaphthyls,	 in	 particular	 5,6,7,8-tetrafluoro-
2,2'-dimethoxy-1,1'-binaphthyl	 (3)	 by	 the	 cross-coupling	 of	 original
bromotetrafluorometoxynaphtalene	2	with	1-bromo-2-methoxy-naphthalene	in	the	presence
of	copper	resulted	in	the	formation	of	above	octafluorodimetoxybinaphtyl	1	with	yield	of	85%,
while	 the	 target	 tetrafluorodimetoxybinaphtyl	3	was	 produced	with	 5%	 yield	 only	 (Scheme
70)	[40].



The	 Ullmann	 reaction	 of	 1-bromo-2-methoxy-5,6,7,8-tetrafluoronaphtalene	 2	 with	 2-
substituted	 1-bromonaphthalenes	 containing	 acceptor	 substituents	 (COOR,	 CHO)	 at	 the
position	2,	proceeds	more	successfully.	The	yield	of	tetrafluorobinaphtyls	is	27-48%.	To	obtain
higher	 yields	of	 2,2’-substituted	5,6,7,8-tetrafluoro-1,1'-binaphthyls	 some	 oxidative	 coupling
methods	were	applied,	which	unlike	the	Ullmann	reaction	are	more	successful	with	electron-
donating	 substrates.	 Thus,	 in	 the	 presence	 of	 10	 mol%	 Cu	 (OH)	 Cl.	 TMEDA	 catalyst,	 the
coupling	 of	 4,5,6,7-tetrafluoro-2-naphthol	 with	 2-naphthol	 resulted	 in	 the	 target
tetrafluorobinaphtyl-2,2'-diol	with	yield	40%.	In	the	presence	of	CuI,	KI,	and	palladium	catalyst
the	reaction	between	difluorobromophenyl	derivative	of	dimethylpirazole	and	methylimidazole-
1	involves	the	substitution	of	bromine	by	a	heterocyclic	fragment	(Scheme	71)	[182].

The	alkenylation	of	bromopentafluorobenzene	is	conducted	in	the	presence	of	cadmium	and
CuCl	(Scheme	72)	[183].

4.	Production	and	transformations	of	Zn-organic	derivatives

Allylpolyfluoroarenes	 and	 –hetarenes	 result	 from	 the	 interaction	 of	 Zn-organic	 reagents,
produced	 from	 polyfluorobromo-	 or	 -	 chloroarenes	 and	 hetarenes	 under	 the	 action	 of	 zinc,



with	 allylbromide	 or	 allylchloride	 [184].	 The	 general	 transformation	mechanism	 is	 shown	 in
Scheme	73.

The	reaction	between	polyfluorinated	Zn-organic	 reagents,	produced	 from	C6F5X	(X	=	Br,
Cl),	 and	 allylbromide	 involves	 nucleophilic	 substitution	 of	 bromine	 atom	 in	 allylbromide	 with
C6F5-group.	 Allyl	 derivatives	 are	 also	 formed	 with	 good	 yields	 in	 the	 reaction	 between
polyfluoroaryl	zincorganic	reagents,	produced	from	chloropolyfluoroarenes,	with	allylchloride	in
the	presence	of	CuCl.	The	catalysis	with	copper	 salts	 is	apparently	due	 to	 the	 formation	of
Cu-organic	 compounds	 from	 relevant	 Zn-organic	 reagents,	 which	 further	 interact	 with
allylchloride.	The	conversion	of	4-chlorotetrafluoropyridine	and	5-chlorononafluoroindane	under
the	action	of	Zn/DMF	and	that	of	allylchloride	in	the	presence	CuCl	[184]	occur	in	the	similar
manner.

The	procedure	 for	 the	preparation	 of	 high	purity	 decafluorobiphenyl	with	 yield	 70-74%	by
heating	bromopentafluorobenzene	with	Zn	and	Cu	(II)	acetate	is	also	disclosed	[169,	C.117-
118].

5.	Reaction	with	Sn-organic	derivatives	(Stille	reaction)

The	arylation	or	hetarylation	of	brompolyfluorobenzenes	their	cross-coupling	with	tin-arenes
or	tin-hetarenes	in	the	presence	of	palladium	catalysts	(Stille	reaction)	is	used.	One	example
is	shown	in	Scheme	74	[185].



Stille	 reaction	 is	used	 for	a	method	of	 synthesis	polyfluorinated	polythiophene	derivatives,
those	being	promising	semiconductor	materials	(Scheme	75)	[186].



The	 reaction	 of	 thiophene	 Sn-derivatives	with	 polyfluorinated	 iodarenes	 proceeds	 similarly
(Scheme	76)	[187].

Another	 example	 of	 polyfluoroarylation	 by	 Stille	 reaction	 is	 shown	 in	 Scheme	 77	 as	 an
intermediate	step	in	the	synthesis	of	N-substituted	5-arylimidazol-2-amines	[188].

Stille	 reaction	 does	 not	 occur	 between	 1-bromo-2-methoxy-5,6,7,8-tetrafluoronaphtalene
and	 (2-methoxynaphthyl-1)tributyl	 tin	 [40].	 The	 reactions	 between	 aromatic
bromodifluoroderivatives	and	tributyl-(pyridine-2-yl)	tin	are	presented	in	Scheme	78.

Aromatic	 derivatives	 containing	 electrophilic	 sulfonyl	 groups	 and	 fluorines	 (left	 reaction	 in
Scheme	 78	 [189])	 are	 of	 interest	 as	 ligands	 for	 new	 iridium	 complex	 with	 various
applications.	 The	 palladium	 catalyst	 Pd(AsPh3)4,	 used	 in	 Stille	 reaction,	 is	 produced	 in	 situ
from	 [Pd2(dba)3]	 and	 AsPh3.	 Other	 examples	 of	 arylation	 according	 to	 Stille	 reaction,
including	reactions	of	polyfluorinated	Sn-organic	derivative	and	non-fluorinated	halogenarene,
are	shown	in	Scheme	79.



Vinyl	group	 is	 introduced	at	position	6	of	5,7-difluoro-6-bromoquinoline	under	the	action	of
tributylvinyl	 tin	 using	 Pd(PPh3)4	 and	 microwave	 irradiation	 [192],	 while	 it	 is	 introduced	 at
position	5	of	2,3,4-trifluoro-5-iodo-benzoic	acid	by	the	reaction	of	the	reactant	with	acid	with
the	help	of	Pd2(dba)3	and	2-furylphosphine	used	 for	catalysts	 (the	yield	of	vinyl	 derivative	 is
83%)	[193].

The	possibility	of	using	organic	tin	reagent	in	other	reactions,	e.g.,	in	intramolecular	radical
arylation,	is	demonstrated	in	the	case	of	conversion	of	difluorosubstituted	C-allyl	adduct	of	a
Schiff	base	produced	 from	 isatin,	 to	ortho-,	ortho-disubstituted	difluorobiphenyl	with	 internal
8-membered	 lactam	 ring,	 interesting	 due	 to	 its	 physiological	 activity,	 the	 said	 conversion
occurs	under	the	influence	of	tributyltin	hydride	in	the	presence	of	AlBN	(Scheme	80)	[194].

6.	Reaction	of	Si-organic	derivatives	(Hiyama	reaction)

Cross-coupling	of	iodopentafluorobenzene	with	2-(trimethylsilyl)-furan	in	the	presence	of	Pd-
catalyst	 and	 a	 base	 by	 a	 type	 of	 Hiyama	 reaction	 results	 with	 54%	 yield	 in	 2-
pentafluorophenylfuran	(Scheme	81)	[195].



The	paper	[196,	Scheme	82]	illustrates	the	possibility	of	arylation	of	ortho-	bromophenols,
including	those	polyfluorinated,	protected	by	silyl	groups,	due	to	the	fact	that	this	group	is	an
effective	phenyl	group	donor.	It	is	assumed	that	in	the	course	of	Pd-catalyzed	intramolecular
arylation	 an	 oxasilocyclic	 intermediate	 is	 formed,	 and	 its	 silyl	 group	 is	 further	 eliminated
resulting	in	a	biphenyl	derivative.

7.	Reactions	of	Li-organic	compounds

The	 reaction	of	 1,2-dibromo-3,4,5,6-tetrafluorobenzene	with	butyllithium	and	TiCl4	 results
in	 arylation	 to	 2,2'-dibromooctafluorobiphenyl	 [197],	 while	 that	 of	 4-bromo-2,6-
difluoroiodobenzene	with	butyllithium	and	 further	with	CuF2	 results	 in	4,4'-dibromo-2,2',6,6'-
tetrafluoro-1,1'-biphenyl	with	yield	79%	[67].

The	introduction	of	oxyalkyl	groups	instead	of	bromine	or	iodine	into	polyfluoroarylbromides
or	–iodides	is	conducted	by	the	reaction	of	corresponding	Li-organic	compounds	derived	from
those	halides,	with	carbonyl	derivatives	or	oxides.	This	transformation	occurs	when	Li-organic
derivatives	 of	 bromopentafluorobenzene	 or	 bromononafluorobiphenyl	 react	 with
octafluorofluorenone	 [198],	 those	 of	 1-iodo-3,5-difluorobenzene	 react	 with	 acetaldehyde	 in
the	 presence	 of	 tetramethylpiperidine	 (yield	 47%)	 [80],	 those	 of	 2,3,5
trifluorobromobenzene,	 or	 3,4-difluoro-2-methylbromobenzene,	 or	 2-methyl-3,5-
difluoroiodobenzene,	 or	 2,3,5,6-tetrafluorobromobenzene	 react	 with	 propylene	 oxide	 in	 the
presence	 of	 boron	 trifluoride	 etherate	 (hydroxyalkyl	 derivative	 yields	 are	 83%,	 71%	 ,	 32%,
and	 62%,	 correspondingly)	 [199],	 and	 those	 of	 3,4,5-trifluorobromobenzene	 react	 with
cyclohexene	oxide	in	the	presence	of	boron	trifluoride	etherate	as	well	[200].

In	 some	 cases,	 Li-organic	 compounds	 derived	 from	 polyfluorohalogenated	 arenes	 were
applied	 in	 transmetalation	 reactions	 to	 prepare	 other	 polyfluorinated	 elementarenes,	 e.g.,
organoboron	 derivatives	which	 further	 entered	 various	 transformation	 processes.	 Reactions
of	those	boron	derivatives	are	discussed	in	Section	2.

8.	Alkenylation	reactions



The	 intermolecular	 reactions	 of	 polyfluoroarenes’	 alkene	 derivatives	 formation	 from
brompolyfluoroarenes	 following	 the	 Mizoroki-Heck	 reaction	 are	 exemplified	 below	 (Scheme
83).

The	reaction	may	also	follow	an	intramolecular	mechanism	as	well	(Scheme	84).

Intramolecular	 reductive	 version	 of	 Mizoroki	 -	 Heck	 reaction	 is	 also	 possible,	 this	 being
essentially	hydroarylation	of	alkene	at	α-	or	β-	position.

Therefore,	 dihydroindenoisoquinolines,	 including	 those	difluorinated,	 interesting	 in	 terms	of
their	biological	activity,	are	proposed	to	obtain	from	a	3-	component	system	(	imine,	benzoyl
chloride,	 olefin	 Sn-derivative)	 in	 a	 two-step	 process,	 the	 first	 of	 which	 is	 Cu	 (I)-catalyzed
benzoylation	 of	 imine	 to	 amide,	 and	 coupling	 with	 olefin,	 and	 the	 second	 step	 is	 Pd(0)-
catalyzed	α-arylation	that	is	intramolecular	Mizoroki	-	Heck	reaction	with	the	formation	of	an
assumed	 intermediate,	 in	 which	 the	 intramolecular	 β-arylation	 is	 proceed	 to	 form
dihydroindenoisoquinoline	(Scheme	85)	[	203].



Another	intramolecular	reaction	(not	Mizoroki	-	Heck	reaction,	but	that	with	bromine	atom),
allowing	ultimately	to	obtain	difluoroderivative	of	3,4-dihydro-2(1H)quinolinone	with	70%	yield,
involves	 expanding	 of	 the	 cyclopropane	 ring	 of	 N-(1'-ethoxy)cyclopropyl-2-bromo-4,6-
difluoroaniline	(Scheme	86)	 [204].	The	 reaction	mechanism	apparently	 involves	arylbromide
oxidative	 addition	 to	 Pd(0)	 to	 form	 a	 4-membered	 azapalladium	 cycle,	 this	 cycle
rearrangement	with	the	cyclopropane	ring	opening	and	conversion	to	7-membered	ring,	and
subsequent	 reductive	 elimination	 with	 Pd(0)	 regeneration	 and	 isolation	 of	 2-ethoxy-6,8-
difluoro-3,4-dihydroquinoline.	 The	 used	 catalyst	 system	 consists	 of	 Pd2(dba)3	 (1.5mol%),
dicyclohexyl-(2',4',6'-trispropilbiphenyl-2-yl)phosphine	 (7.5mol%)	 in	 DMF,	 and	 K2CO3	 base
(1.5equiv.),	the	reaction	temperature	is	95oC.



	

9.	Alkynylation	reactions	of	polyfluorohalogenated	arenes
(Sonogashira	reaction)

Sonogashira	 reaction	 in	 its	 classic	 version,	 i.e.	 cross-coupling	 of	 a	 halogenated	 derivative
with	alkyne	 in	 the	presence	of	Pd-catalyst,	copper	salt	and	addition	of	base,	was	applied	 to
produce	hybrid	oligomers	with	a	polyfluorinated	 central	 fragment,	 those	being	of	 interest	 in
the	 study	 of	 optical	 and	 electrochemical	 properties	 of	 π-conjugated	materials	 (Scheme	 87
[205]),	 and	 as	 one	 of	 the	 steps	 in	 the	 synthesis	 of	 cholesterol	 absorption	 inhibitors	 of	 the
series	of	3-(arylpropynyl)substituted-2-azetidinones	(Scheme	88	[206]).

Copper	catalysis	was	successfully	replaced	with	microwave	irradiation	(Scheme	89)	[207].



Some	other	examples	of	Sonogashira	reaction	are	shown	in	Scheme	90.

For	iodopentafluorobenzene	cross-coupling	with	phenylacetylene	in	the	presence	of	various
catalyst	 systems	 resulting	 in	 the	 formation	 of	 1-phenyl-2-pentafluorophenylacetylene	 see
[211].	 Alkynylation	 of	 3,5-difluoropolybromopyridine	 derivatives	 according	 to	 Sonogashira
reaction	is	shown	in	Scheme	91	[212].



It	 is	 assumed	 that	 Pd-catalyst	 is	 introduced	 at	 a	 weaker	 CAr-Br	 bond,	 but	 the	 reaction
involves	 bromine	 atoms	 at	 positions	 2,	 6,	 i.e.	 at	 ortho-positions	 to	 the	 nitrogen	 atom,	 in
contrast	to	nucleophilic	substitution	that	occurs	at	in	position	4.	The	authors	suggest	that	the
nitrogen	 atom	 charge	 in	 the	 transition	 state	 may	 provide	 some	 effect	 on	 the	 position	 of
substitution.

IV.	Transformation	involving	CAr–F	bond

1.	Reactions	of	nucleophilic	substitution	of	fluorine	with	C-nucleophiles

1.1	Reactions	with	Na-organic	substances

1.2	Reactions	with	Li-organic	derivatives

1.3	Reactions	with	Mg-organic	derivatives

1.4	 Effect	 of	 Si-organic	 derivatives	 in	 the	 presence	 of	 catalysts
generating	fluoride-ion.

2.	Transformations	of	CAr–F	bond	involving	its	activation

	

The	processes	for	alkylation,	arylation	(hetarylation)	or	introduction	of	groups	with	multiple
C-C	bonds	in	polyfluoroarene	molecule	are	realized	with	the	participation	of	CAr-F	bond.	They
make	 use	 of	 various	 methods,	 especially	 nucleophilic	 substitution	 of	 fluorine	 bound	 to	 a
carbon	 of	 aromatic	 ring,	 which	 is	 the	 most	 usual	 technique	 with	 halogenated	 derivatives,
including	 polyfluorinated	 arenes.	 The	 best	 studied	 in	 this	 respect	 are	 reactions	 with	 C-
nucleophiles	 generated	 from	 various	 organometallic	 compounds	 (Li,	 Na,	 Mg,	 Zn,	 Sn).
However,	 in	 the	 last	 decade	 the	 chemists	 that	 study	 organic	 halogen	 derivatives,	 including
halogenated	 arenes,	 developed	 novel	 approaches	 to	 involvement	 of	 halogens	 into
transformation	by	 the	 various	methods	 for	 activation	 of	CAr-Hal	 bond.	 This	was	 in	 order	 to
increase	 both	 the	 reaction	 yield	 and	 the	 regioselectivity	 of	 those	 transformations.
Fluoroarenes	in	 this	 regard	were	no	exception.	A	recently	published	review	by	the	 Japanese
authors	"	C-F	Activation	in	Organic	Synthesis"	[213]	summarizes	the	results	obtained	in	this
direction	and	provides	a	useful	list	of	publications	related	to	this	issue.

1.	Reactions	of	nucleophilic	substitution	of	fluorine	with	C-nucleophiles



1.1.	Reactions	with	Na-organic	substances

Na-organic	 compounds	 were	 applied	 for	 nucleophilic	 substitution	 of	 fluorine	 atoms	 in
polyfluoroarenes	as	the	source	of	C-anions.	Thus,	the	interaction	of	hexafluorobenzene	with	a
Na-derivative	of	t-butylcyclopentadiene	resulted	 in	a	mixture	of	 isomeric	pentafluorophenyl-t-
butylcyclopentadienes	and	1,2-bis(pentafluorophenyl)-4-t-butyl-cyclopentadiene	 (Scheme	 92)
[214].

In	 a	 similar	 reaction	 of	 octafluorotoluene	C-nucleophile	 attacks	 fluorine	 atom	at	 the	 para-
position	 to	 the	CF3-group	 [215].	 3,4-Difluoronitrobenzene	 reacts	 with	 sodium	malonate	 to
result	 in	2-fluoro-4-nitrophenylmalonate	which,	 under	 the	 action	 of	 MgCl2,	 easily	 undergoes
double	 decarboxylation	 to	 result	 in	 2-fluoro-4-nitrotoluene	 [216].	 At	 those	 conditions	 2,4-
difluoronitrobenzene	 is	 converted	 to	 3-fluoro-6-nitrotoluene	 (73%).	 This	 reaction	 opens	 the
rout	to	the	production	of	methylated	nitroaromatic	compounds.

1.2	Reactions	with	Li-organic	derivatives

Li-Organic	 compounds	 are	 traditional	 C-nucleophilic	 reagents.	 For	 example,	 1-hydroxy-2-
methylpropyl	 group	 is	 introduced	 onto	 2-position	 of	 4-t-butoxy-2,3,5,6-tetrafluoropyridine
through	 the	 reaction	 of	 this	 compound	 with	 Li-CH2CHCH3-CH2OSi(CH3)2t-Bu.	 The	 product
yield	 is	 63%	 [217].	 Under	 the	 action	 of	 n-butyl-	 or	 phenyl-	 lithium	 derivatives	 on	 1,4-
bis(dimesitylphosphino)-2,3,5,6-tetrafluorobenzene	its	fluorines	at	2,	5	positions	are	replaced
with	n-butyl-	or	phenyl-	groups	respectively	[218].	Intramolecular	transformation	occurs	under
the	 action	 of	 n-BuLi	 on	 2-bromo-2 ’-pentafluorophenylbiphenyl	 or	 2-bromo-2’-
pentafluorophenyl-1,1’-binaphtyl	 [219].	 In	 so	 doing	 1,2,3,4-tetrafluorotriphenylene	 or
7,8,9,10-dibenzo-1,2,3,4-tetrafluorotriphenylene	are	formed	correspondingly	with	high	yields.
Depending	on	the	amount	of	Li-derivative	the	final	phenylenes	can	be	prepared	sequentially	or
in	a	one-pot	scheme	(Scheme	93).



The	 nucleophilic	 substitution	 of	 2-pentafluorophenyl-1-phenyltetrafluoroethanes	 with	 Li-
organic	compounds	occurs	only	at	the	para-position	to	its	tetrafluoroethyl	group	(Scheme	94)
[220].

The	 reactions	 with	 Li-organic	 derivatives	 were	 used	 in	 the	 synthesis	 of	 compounds	 with
promising	 semiconductor	 properties,	 which	 contain	 polyfluorinated	 aromatic	 rings	 in	 their
molecular	 structures.	 This	 is	 true	 for	 the	 production	 of	 polycyclic	 substances,	 particularly,
terphenyls.	 Li-derivatives	 were	 then	 synthesized	 by	 H→Li	 or	 Br→Li	 exchange	 and	 SNAr
nucleophilic	substitution	of	fluorine	in	polyfluoroarene	was	then	conducted	(Scheme	95).	The
resulting	 polyfluorinated	 terphenyls	 cyclised	 to	 form	 polyfluorinated	 benzo-
bis(benzothiophenes),	 in	which	fluorines	underwent	nucleophilic	replacing	with	ethinyl	groups
under	the	action	of	Li-derivatives	of	ethylacetylene	(Scheme	95)	[221].



For	some	examples	of	vinylation	during	the	nucleophilic	substitution	of	fluorine	atom	under
the	action	of	Li-ethylene	see	[40]	(Scheme	96).

The	 preparation	 of	 ligands	 with	 polyphenylene	 structures	 is	 conducted	 through	 replacing
para-fluorines	in	terphenyl	C6F5-moieties	under	the	action	of	Li-organic	derivatives,	and	those
fragments	 were	 introduced	 into	 terphenyls	 reacting	 hexafluorobenzene	 with	 Li-terphenyl
derivatives	(Scheme	97)	[185].



In	 terms	of	 semiconductor	materials,	polycycles	with	various	elements	embedded	 in	 their
structures	 are	 of	 major	 interest.	 Scheme	 98	 shows	 an	 example	 of	 a	 9-tinanthracene
derivative	production	with	the	help	of	Li-organic	compound	[222].

A	 convenient,	 high-yield	 pathway	 to	 the	 synthesis	 of	 promising	 oligophenylenes	 with
perfluorinated	moieties	involves,	along	with	other	transformations,	at	its	first	step	nucleophilic
substitution	 of	 aromatic	 fluorine	 in	 decafluorobiphenyle	 followed	 then	 by	 nucleophilic
substitution	 of	 para-fluorines	 in	 thus	 generated	 polyphenylenes	 under	 the	 action	 of	 Li-
derivatives	 of	 various	 mono-,	 di-	 or	 poly-	 aryls	 [223].	 Scheme	 99	 exemplifies	 such
transformation	with	the	use	of	di-Li-arene.

Among	the	fluorine	nucleophilic	substitutions	in	polyfluoroarenes	under	the	action	of	alkyl-	or
aryl-	 lithium	 compounds	 one	 may	 specify	 the	 synthesis	 4'-bromo-2,3,4,5,6-



pentafluorobiphenyl	 from	 hexafluorobenzene	 and	 4-bromophenyllithium	 [224],	 (4-t-
butylthiophenyl)-nonafluorobiphenyl	 from	 decafluorobiphenyl,	 and	 4-t-butylthiophenyl	 lithium
[225].	 para-Aryl-	 and	 para-alkyl-tetrafluorophenyl-bis(trifluoromethylsulfonyl)methanes	 are
produced	 through	 the	 substitution	 of	 para-fluorines	 in	 pentafluorophenyl-
bis(trifluoromethylsulfonyl)methane	under	 the	action	of	aryl-	or	alkyl-	 lithium	derivatives.	The
reaction	product	 in	which	R	 contains	a	 phenyl	 radical	with	 polystyrene	moiety	 at	 position	 4
involves	 highly	 acidic	 C-H	 bond,	 and	 presents	 a	 novel	 Brønsted	 carbonic	 super-acid	 that
proved	 to	be	an	efficient	catalyst	 in	 the	alcohol	acylation	by	acid	anhydrides	 (Scheme	100)
[226].

In	the	studies	devoted	to	the	production	of	semiconductor	materials	the	reactions	between
polyfluoroarenes	and	 heterocyclic	 Li-derivatives	 were	 used.	 For	 instance,	 the	 reaction	 of	 2-
thienyllithium	 or	 4-hexyl-2-thienyllithium	 with	 hexafluorobenzene	 is	 the	 first	 step	 in	 the
obtaining	of	oligothiophenes	with	a	central	tetrafluorophenylene	link	(Scheme	101)	[227].

Benzodithiophenes	 or	 -diselenophenes	 functionalized	 with	 terminal	 polyfluoroaryl	 groups
were	produced	by	SNAr	reaction	of	their	bis-lithium	derivatives	with	polyfluoroarene	(Scheme
102)	[228].



Nucleophilic	 substitution	 of	 fluorine	 in	 polyfluoroarenes	 with	 Li-derivatives	 of	 more
complicated	 systems,	 e.g.,	 ferrocene,	 is	 also	 described	 [229].	 In	 the	 presence	 of	 TMEDA,
hexafluorobenzene	 interacts	 with	 bis-Li-derivatives	 of	 ferrocene	 or
dimethylaminomethylferrocene	 resulting	 in	 bis-pentafluorophenyl	 derivatives	 (Scheme	 103)
[229].	 Similarly,	 a	 monolithium	 derivative	 (R	 =	 CH2N(CH3)2,	 X	 =	 H)	 with	 excess	 of
hexafluorobenzene	converts	to	mono-C6F5-derivative,	and	in	the	case	of	hexafluorobenzene
deficiency	1,4-bis[2-(dimethylaminomethyl)ferrocene-1-yl]tetrafluorobenzene	is	formed	[229].



Another	 type	 of	 reactions	with	 Li-organic	 compounds	 is	 CAr-F	 bond	 activation	 due	 to	 the
lithiation	 at	 ortho-position	 to	 the	 fluorine	 atom	 that	 promotes	 the	 cleavage	 of	 LiF	 and
formation	of	a	corresponding	dehydrobenzyne	capable	of	(4+2)	cycloaddition.	If	bromine	and
hydrogen	are	present	 in	ortho-position	 to	 the	 reacting	 fluorine	 then	 the	 lithiation	 occurs	 by
replacing	 bromine	with	 lithium.	 In	 the	 case	 of	 similar	 chloroderivatives	 H→Li	 substitution	 is
favoured	 over	 Cl→Li.	 For	 chlordifluoroarenes	 with	 halogens	 in	 such	 positions	 that	 allow	 the
formation	 of	 two	 different	 dehydrobenzynes,	 e.g.,	 for	 1-chloro-2,4-difluorobenzene	 the
realized	direction	is	that	governed	by	the	inductive	effect	of	chlorine,	that	destabilizes	positive
charge	on	the	ortho-carbon	much	more	than	that	on	the	para-carbon	(Scheme	104)	[230].



That	regioselectivity	is	confirmed	by	the	preparation	of	corresponding	fluorinated	adducts	of
fluorinated	dehydrobenzynes,	produced	 from	di-,	 tri-	or	pentafluorobromo-	or	 –chloroarenes,
by	the	Diels–Alder	reactions	with	furan	or	N-methylpyrrol	(Scheme	105)	[230].

Step-by-step	 lithiation	of	1,3,5-trifluorobenzene	first	using	3	or	6	equivalent	amounts	of	 t-
BuLi	 continues	by	 cascade	 of	 alternating	 LiF	 cleavage	 and	 t-BuLi	 adding	 to	 thus	 generated
dehydrobenzynes,	 resulting	 in	 replacing	 all	 fluorines	 with	 tert-butyl	 groups	 (Scheme	 106)
[231].



The	 above	 reactions	 with	 dehydrobenzene	 participation	 are	 usually	 conducted	 in	 ether
medium,	however,	non-coordinating	hydrocarbon	 solvents,	 e.g.,	 pentane,	hexane,	heptane,
dicyclohexane,	petroleum-ether	are	also	applicable	 for	such	conversion	 [232].	For	example,
2,6-difluoroiodobenzene	(1,	Scheme	107)	 in	petroleum-ether	 reacts	with	n-BuLi	 and	 further
with	 cyclopentadiene,	 resulting	 in	 a	 mixture	 of	 two	 substances:	 5-fluoro-1,4-dihydro-1,4-
methanonaphthalene	 3	 and	 5-(2,6-difluorophenyl)-1,4-dihydro-1,4-methanonaphthalene	 4
[232].

Dehydrobenzyne	 2	 might	 also	 be	 generated	 from	 iododerivative	 1	 and	 via	 Mg-organic



compound,	but	in	this	case	iododerivative	5	is	produced	in	the	same	amount	as	3,	the	 total
mixture	yield	being	41%	[232].

1.3	Reactions	with	Mg-organic	derivatives

Organomagnesium	 compounds	were	 also	 intensively	 applied	 for	 the	 carbanion	 sources	 in
nucleophilic	 substitution	 of	 fluorines	 in	 polyfluoroarenes	 with	 the	 intent	 of	 introduction	 of
desirable	 C-groups	 [233].	 Thus,	 under	 the	 action	 of	 CH3MgCl	 in	 the	 phenyl	 ring	 of	 2-(2,6-
difluorophenyl)-4,4-dimethyl-4,5-dihydro-1,3-oxazole	 fluorine	 is	 replaced	with	CH3-group,	 the
yield	 being	 96%	 [233].	 In	 the	 similar	 manner	 methyl	 group	 was	 introduced	 into	 1,3,4,5-
tetrafluoroisophtalonitrile	 or	 1,3,4,5-tetrafluoroisophtalic	 acid,	 during	 which	 introduction	 the
replaced	 fluorine	 was	 in	 para-position	 to	 CN-	 or	 to	 COOH-group	 (the	 corresponding	 yields
were	 56%	 and	 82%)	 [234].	 Similar	 result	 was	 achieved	 when	 CH3MgBr	 is	 used	 in	 the
reaction	 with	 the	 said	 nitrile.	 The	 reaction	 between	 tetrafluoroisophtalic	 acid	 and	 2-
methylphenylmagnsium	 chloride	 makes	 it	 possible	 to	 replace	 fluorine	 with	 2-methylphenyl
group	 [234].	 In	 the	 course	 of	 preparation	 and	 investigation	 of	 liquid	 crystal	 structures	 the
substitution	 of	 para-fluorine	 in	 pentafluorophenyl	 group	 of
pentafluorophenyltrimethylsilylethyne	with	para-alkoxyphenyl	 group	 under	 the	 action	 of	 Mg-
organic	 compound	 from	 para-alkoxybromobenzene	 was	 realised	 [235].	 The	 action	 of	 3,4-
Cl2C6H3MgCl	 or	 3-CNC6H4MgCl	 on	 2,3,4,5,6-pentafluorobenzophenone	 results	 in	 the
substitution	of	fluorines	in	positions	2	and	6	with	the	corresponding	aryl	moiety	(the	yields	are
50%	 and	 39%,	 respectively)	 [236].	 The	 reaction	 between	 octafluoronaphtalene	 and
C6F5MgBr	resulted	in	2-pentafluorophenylheptafluoronaphtalene	with	yield	of	15%	[237].

1.4	Effect	of	Si-organic	derivatives	in	the	presence	of	catalysts
generating	fluorine	-	ion.

For	the	synthesis	of	poly(phenylene)ethinylenes	with	alternating	aryl-	and	polyfluoroaryl	links
that	may	 be	 of	 great	 interest	 because	 of	 their	 optoelectronic	 properties,	 a	 simple	method
was	proposed,	 that	 is	 alternative	 to	 catalytic	 Sonogashira	 reaction,	 i.e.	 without	 the	 use	 of
transition	metal	compounds,	but	 leading	 to	 substances	with	high	molecular	weight,	 definite
structure,	purity,	high	yield.	 It	 is	 nucleophilic	 substitution	of	 fluorine	 in	polyfluoroarene	under
the	action	of	Si-organic	derivatives	of	alkyne-arenes	in	the	presence	of	F-	generating	catalysts
(CsF,	TBAF,	TMAF)	(Scheme	108)	[238].	Those	reactions	proceed	at	room	temperature.	The
transformation	 occurs	 with	 pentafluoropyridine	 as	 well,	 but	 the	 excess	 of	 fluoride	 is	 then
necessary.	Otherwise	they	use	it	in	catalytic	amounts.	In	a	model	experiment	(Scheme	108)
the	main	product	 is	 that	due	 to	 the	substitution	of	 two	para-fluorines,	 even	when	 the	 ratio
hexafluorobenzene	:	trimethylsilyl	derivative	 is	1:1,	and	that	 is	due	to	the	higher	rate	of	the
second	fluorine	substitution	as	compared	to	the	first	one.



For	another	example	of	Si-organic	derivatives	application	in	the	presence	of	F-	see	Scheme
102	in	Chapter	1.2	[228].

2.	Transformations	of	CAr-F	bond	involving	its	activation.

Successful	transformation	of	CAr-F	bond	to	CAr-C	in	some	cases	requires	its	activation.	Such
activation	 can	 be	 achieved	 in	 various	 ways.	 One	 of	 those	 processes	 (the	 formation	 of
dehydrobenzyne)	 was	 already	 mentioned	 above	 in	 chapter	 1.2.	 The	 activation	 is	 also
conducted	by	using	microwave	 irradiation	or	 various	 catalysts	 including	 those	organic.	 Thus
regiospecific	 polyfluoroarylation	 of	 ketene	 heterocyclic	 aminals	 proceeds	 successfully	 under
microwave	irradiation,	as	shown	in	Scheme	109	[239].



The	 nucleophilic	 aromatic	 substitution	 of	 fluorine	 at	 para-position	 to	 cyan-group	 in
tetrafluoroisophtalonitrile,	 that	 of	 two	 para-fluorines	 in	 hexafluorobenzene	 or	 that	 of	 para-
fluorine	 in	 pentafluorobenzonitrile,	 proceeds	 under	 the	 action	 of	 2,3-dihydro-1,3-diisopropyl-
4,5-dimethyl-imidazole-2-ylidene	 in	 the	 presence	 of	 BF3	 etherate.	 The	 yields	 exceed	 80%
[240].	 Tetrafluorophtalonitrile	 when	 heated	 with	 KI	 in	 DMF	 converts	 to	 2,2’,5,5’,6,6’-
hexafluoro-3,3’,4,4’-tetracyano-1,1’-biphenyl,	 the	 yield	 being	 46%	 [241].	 Both	 regio-	 and
enantio-selective	 SNAr	 reactions	 with	 activated	 arenes	 and	 1,3-dicarbonyl	 compounds
proceed	under	the	conditions	of	phase-transfer	catalysis	using	a	quaternary	ammonium	salt
from	Cinchona	Alkaloids	[242,	243].	Scheme	110	shows	the	reaction	of	nitropolyfluoroarene
cycloalkylation	 under	 the	 action	 of	 either	 2-carbethoxycyclopentanone,	 or	 N-substituted	 3-
carbethoxy-2-pyrrolidone	 at	 such	 conditions.	 The	 substitution	 of	 fluorine	 occurs	 only	 at	 its
para-position	regarding	the	nitro-group,	and	the	more	 it	activated	the	easier	 is	 the	process.
The	process	mechanism	 involves	acidic	proton	abstraction	 from	β-ketoester	by	a	base,	and
the	 generation	 of	 an	 ambident	 nucleophile	 that	 reacts	with	 a	 chiral	 quaternary	 ammonium
salt	to	form	a	chiral	ion	pair	("chiral	pocket").	The	nucleophile	alkaloid	component	contributes
to	its	enantioselective	nucleophilic	approach	to	the	aromatic	substrate.



The	 transformation	 provides	 an	 interesting	 example	 of	 organocatalytic	 SNAr	 reaction.
However,	 in	 recent	 time	 as	 it	 concerns	 CAr-F	 to	 CAr-C	 transformation	 considerably	 more
importance	 and	 propagation	 were	 assigned	 to	 the	 techniques	 associated	 with	 oxidative
addition	of	low-valent	metals	to	C-F	bond	and	further	transformation.	This	is	a	wide	range	of
cross-coupling	 reactions	 that	 involves	 such	 electrophiles	 as	 fluoroaromatic	 compounds,	 and
such	nucleophiles	as	organometallic	 compounds	 [Grignard	 reagents	 (the	Kumada	coupling),
boron	derivatives	(the	Suzuki	reaction),	Zn-reagents	(the	Negishi	coupling),	Sn-reagents	(the
Stille	 reaction)]	 in	 the	 presence	 of	 metal	 catalysts	 based	 on	 Pd,	 Ni,	 Pt,	 or	 Co.	 Different
variants	of	 those	 reactions	 for	 fluoroarenes,	 including	polyfluoroarenes,	 have	been	 reviewed
elsewhere	[213].	It	turned	out	that	C-F	bond,	the	most	strong	of	all	CAr-Hal	bonds,	is	not	so
easy	to	activate	and	to	find	transition	metal	complexes	suitable	for	this.	Thus,	CAr-F	bond	 is
very	 selectively	 activated	 in	 monofluorobenzenes	 under	 the	 action	 of	 Ni-complexes	 [244],
however,	 in	 the	 case	 of	 hexafluorobenzene	 those	 complexes	 are	 inactive	 [245].	 However,
the	 system	Ni(cod)2	+	PEt3	 (or	 PBu3)	was	 found	 for	polyfluorohetarenes,	 that	 enabled	 the
alkenylation	 of	 pentafluoropyridine	 and	 2,3,5,6-tetrafluoropyridine	 via	 Stille	 reaction	 with
Bu3SnCH=CH2	 [246].	 The	 reaction	 is	 regioselective	 and	 occurs	 at	 position	 2	 only	 in	 both
cases.	It	is	assumed	that	pre-coordination	of	pyridines	at	position	2	with	Ni-centre	resulting	in
the	formation	of	Ni-complex	is	the	determinant	step	of	C-F	bond	activation	(Scheme	111).



The	 by-products	 are	 4-H-tetrafluoropyridine	 (from	 pentafluoropyridine	 by	 its	 reaction	 with
trialkylphosphine)	 and	 2,6-bis-vinyl	 derivative.	 It	 is	 interesting	 that	 CAr-H	 bond	 of	 4-H-
tetrafluoropyridine	does	not	participate	in	the	reaction.	The	same	catalyst	but	with	addition	of
various	phosphines	PR3	,	here	R=Cy,	i-Pr,	Ph,	was	applied	for	the	arylation	of	5-chloro-2,4,6-
trifluoropyrimidine	with	ArB(OH)2	by	Suzuki	reaction,	that	occurs	by	4,6	positions	with	yields
from	40	to	90%.	In	this	case	the	most	suitable	base	is	Cs2CO3	[244].	It	is	essential	that	the
weaker	 CAr-Cl	 bond	 does	 not	 participate	 in	 it.	 The	 detailed	 analysis	 of	 transformation
mechanism	allowed	assuming	of	three	possible	pathways	for	Ni-complex	formation	(Scheme
112),	though	none	of	them	was	proved	experimentally.	Pathway	"a"	 includes	 the	pyrimidine
pre-coordination	 with	 nickel	 followed	 by	 its	 attachment	 to	 Ni-centre	 to	 be	 oxidizes.	 The
alternative	 pathway	 “b”	 is	 nucleophilic	 substitution	 of	 fluorine	 initiated	 by	 NiL2	 nucleophilic
attack	at	 the	electrophilic	position	of	 the	aromatic	 system,	 this	being	 the	 rate-limiting	step.
Pathway	«c»	is	electron	transfer	resulting	in	the	formation	of	a	contact	ion	pair.



Another	catalytically	active	nickel	system	that	is	NHC-stabilized	Ni-complex	(here	NHC	is	N-
heterocyclic	carbene)	[Ni	 (i-Pr2Im)4	 (cod)]	1	 (Scheme	113)	 [245]	which	 is	 a	 source	of	 [Ni(i-
Pr2Im)2],	 was	 successfully	 applied	 to	 a	 number	 of	 polyfluoroarenes,	 such	 as
hexafluorobenzene,	 octafluorotoluene	 and	 decafluorobiphenyl	 and	 allowed	 to	 conduct
arylation	 by	 Suzuki	 reaction.	 The	 reaction	 is	 of	 high	 regioselectivity	 and	 involves	 the
substitution	of	fluorine	in	para-position	(Scheme	113).



Catalytic	 system	1	 is	 active	 in	 the	 Kumada	 cross-coupling	 with	 Grignard	 reagent,	 but	 its
yield	 is	 generally	 lower.	 Thus,	 4-(4'-methylphenyl)-heptafluorotoluene	 is	 produced	 by	 this
reaction	 from	 octafluorotoluene	 and	para-tolylmagnesiumbromide,	 but	 its	 yield	 is	 only	 26%
[245].	At	 the	 same	 time	 the	 Kumada	 phenylation	 of	 isomeric	 difluorobenzenes	 and	 1,3,5-
trifluorobenzenes	with	 PhMgBr	 and	 Ni-catalyst	 involving	 triarylphosphine	 ligands	 is	 so	 active
that	 all	 fluorines	 are	 replaced	 with	 phenyl	 groups	 [247].	 The	 Kumada	 reaction	 of	 2,4-
difluorophenol	 with	 excess	 of	 n-	 C12H25MgBr	 in	 the	 presence	 of	 NiCl2	 (diippbz)	 occurs
selectively	at	the	ortho-position	to	hydroxyl	group,	resulting	in	75%	yield	of	the	corresponding
2-alkyl-4-fluorophenol	 [248].	 Such	 regioselectivity	 is	 attributable	 to	 the	 effect	 of	 hydroxyl
group	 and	 to	 the	 fact	 that	 the	 Ni-based	 catalytic	 system	 promotes	ortho-cross-coupling	 of
difluorophenol	 with	 alkyl-Grignard	 reagent,	 because	 at	 the	 transition	 state	 of	 Ni	 oxidative
addition	Lewis-acidic	Mg	facilitates	the	breakdown	of	C-F	bond	(Figure	114).

The	selective	 replacement	of	ortho-fluorine	 in	difluorosubstituted	benzene	derivatives	with
electron-donating	substituents	(OH,	CH2OH,	NH2,	NHAc,	NHBoc)	by	arylmagnesiumbromides
is	conducted	as	well	with	palladium	catalyst	PdCl2(PCy3)2.	The	yield	of	2-aryl	derivatives	in	the
reactions	of	2,4-difluorophenol	exceeds	80%	[249].	The	use	of	[PdCl2(dppf)]	in	 the	reaction
of	 1,2-difluorobenzene	 with	 4-CH3C6H4MgBr	 results	 in	 replacing	 of	 one	 fluorine	 with	 aryl



group,	 while	 the	 use	 of	 Ni-catalyst	 NiCl2(dppp)	 results	 in	 a	 mixture	 of	 mono-	 and
difluorosubstitution	products,	the	share	being	nearly	equal	[5,	p.56].	It	is	interesting	to	mark
that	the	direction	of	the	Stille	reaction	between	pentafluoropyridine	and	tributylvinyl	tin	in	the
presence	of	palladium	catalyst	Pd[P(i-Pr)3]2	differs	from	that	in	presence	of	above-considered
Ni-catalyst	 (this	Chapter,	 Scheme	111).	With	 the	palladium-based	 catalyst	 a	 Pd-complex	 is
formed	at	position	4,	further	converted	to	4-vinyl-2,3,5,6-tetrafluoropyridine	[250].

Among	other	transition-metal	catalysts	applied	with	fluoroarenes,	one	should	mention	TaCl5
that	 catalyzes	 the	 alkylation	 of	 hexafluorobenzene	 or	 pentafluorotoluene	 with	 2-
phenetylmagnesiumchloride	 resulting	 in	 the	 replacement	 of	 para-fluorine	 followed	 by	 the
phenethyl	group	rearrangement	(Scheme	115)	[251].

The	 use	 of	 cobalt	 catalyst	 in	 Kumada	 reaction	 with	 polyfluoroarenes	 is	 also	 of	 interest,
because	it	avoids	both	the	toxicity	of	nickel	and	expensiveness	of	palladium.	Thus,	two-step
ortho,ortho-arylation	of	 pentafluorobenzophenone	 occurs	 under	 the	 action	 of	 ArMgCl	 in	 the
presence	 of	 Co(acac)2	 and	 Cu(CN)	 .	 2LiCl.	 Bu4NI	 and	 para-fluorostyrene	 perform	 as	 the
reaction	 promoters	 (Scheme	 116)	 [252].	 During	 the	 reaction	 Mg-organic	 derivative	 reacts
with	copper	salt	to	form,	by	way	of	transmetalation,	a	Cu-arene	that	is	further	cross-coupled
with	 pentafluorobenzophenone	 to	 result	 in	 the	 final	 product.	 The	 study	 has	 successfully
demonstrated	the	possibilities	of	 involving	Cu-organics	 into	cross-coupling,	the	process	being
less	investigated	than	the	use	of	other	organometallic	compounds	to	form	new	C-C	bonds	in
the	series	of	arylfluorides.



Thermal	 decomposition	 of	 Cp2Zr(C6F5)2	 zirconium	 complex	 in	 the	 presence	 of	 furan	 or
durene	 results	 in	 the	 formation	 of	 Diels-Alder	 adducts,	 while	 the	 linear	 para-structured
perfluoropolyphenylene	 oligomers	 F-[-2,3,5,6-C6F4-]nF,	 (n=2-13)	 are	 produced	 by	 the
complex	thermal	decomposition	in	the	presence	of	hexafluorobenzene	or	decafluorobiphenyl
[253].	 In	 the	 case	 of	 polyfluoroarenes	 the	 observed	 regularities	 are	 consistent	with	 radical
chain	process	initiated	by	impurities	in	those	arenes	and	realized	at	the	first,	rapid	step	of	the
complex	 decomposition,	 as	 well	 as	 with	 the	 mechanism	 of	 intermediate	 formation	 of
tetrafluorodehydrobenzyne,	 that	 is	 responsible	 for	 the	 formation	 of	 Diels-Alder	 reaction
adducts	in	the	case	of	furan	and	durene.

The	 activation	 of	 CAr-F	 bond	 in	 polyfluoroarenes	 resulting	 in	 polyfluoroarylzincorganic
compounds	occurs	under	 the	action	of	Zn	 in	 the	presence	of	SnCl2	 in	DMF	 [254,	184].	By
heating	with	CuCl2	 thus	 formed	Zn-organic	 derivatives	 convert	 to	 polyfluorobiaryls	 (Scheme
117)	[254],	and	their	reaction	with	allylchloride	in	CuCl/DMF	system	results	 in	the	formation
of	 allyl	 derivatives	 [184].	 Selective	 ortho-methylation	 of	 polyfluorinated	 arylimines	 with	 2-5
fluorines	in	their	aromatic	rings,	by	CAr-F	bonds,	occurs	under	the	action	of	dimethylzinc	in	the
presence	 of	 Pt2Me4(SMe2)2	 platinum	 catalyst	 (Scheme	 118)	 [255].	 The	 regioselectivity
remains	 unchanged	 in	 the	 case	 of	 2,6-difluoro-4-bromoderivative,	 despite	 the	 presence	 of
weaker	CAr-Br	bond	in	the	same	molecule.



The	activation	of	ortho-fluorine	occurs	for	account	of	a	cyclic	Pt-complex	formation	with	the
participation	of	nitrogen	and	ortho-CAr-F	bond.	Under	the	action	of	Me2Zn	transmetalation	of
the	 Pt-complex	 occurs,	 and	 the	 further	 reductive	 elimination	 results	 in	 the	 final	 product
formation	and	Pt(II)-catalyst	regeneration.

V.	Transformation	of	other	substituents	in	polyfluoroarene

The	 introduction	 of	 alkyl-,	 aryl-	 (hetaryl-)	 and	 unsaturated	 groups	 into	 polyfluoroarene	 is
possible	not	only	through	the	participation	of	CAr-H	or	CAr-Hal	bonds,	here	Hal	=	Br,	Cl,	F,	 I,
but	also	by	way	of	the	transformation	of	other	substituents	available	 in	the	molecule.	Thus,
the	transformation	of	C=O	bond	in	polyfluoroarylketones	results	in	corresponding	hydroxyalkyl
derivatives	(Scheme	119)	[256-258].

Polyfluorinated	stilbenes	are	produced	by	 the	decarbonylative	Mizoroki-Heck	cross-coupling
of	3,5-difluorobenzoylchloride	with	substituted	styrenes	(Scheme	120)	[259].

Similar	 decarboxylative	 hetarylation	 of	 2,6-difluorobenzoic	 acid	 under	 the	 action	 of	 N-
substituted	 indole	 allows	 the	 introduction	 of	 indole	 fragment	 instead	 of	 carboxyl	 group
(Scheme	121)	 [260].	 In	 this	 transformation	Pd-catalyst	activates	position	3	of	 indole,	while



the	silver	salt	contributes	to	the	acid	decarboxylation.

The	decarboxylative	cross-coupling	of	K-salts	of	di-,	 tri-,	 tetra-,	or	pentafluorobenzoic	acids
with	 various	 iodo-	 or	 bromoderivatives	 of	 benzene,	 pyridine	 or	 thiophene	occurs	 only	 in	 the
case	of	copper	catalysis	(CuI	or	CuI	+	Phen)	(Scheme	122)	[261].

The	 technique	does	not	use	expensive	and	unstable	organometallic	 catalysts,	and	CO2	 is
produced	 here	 instead	 of	 toxic	 metal	 halogenides.	 The	 method	 allows	 the	 production	 of
polyfluorinated	biaryls	 and	 adds	 those	 described	 in	 above	 chapters.	 Iodides	 react	 with	 high
yields	when	CuI	with/without	 ligands	 is	applied,	but	 for	bromides	 the	presence	of	a	 ligand	 is
necessary.	The	used	halogenated	derivatives	 contained	either	 electron-donating	or	 electron-
accepting	 substituents	 in	 ortho-,	 metha-	 or	 para-positions.	 Basing	 on	 the	 reactions	 of
bromoderivatives	 an	 assumption	 was	 made	 that	 the	 reaction	 mechanism	 (Scheme	 123)
started	with	the	interaction	between	the	catalyst	[iodo-copper	complex	(1)]	and	K-salt	of	an
acid	 with	 the	 formation	 of	 Cu-salt	 of	 the	 acid	 (2),	 that	 is	 further	 decarboxylated	 via	 a	 4-
member	 cyclic	 transition	 state	 (TS	 2-3)	 to	 give	 a	 new	 copper	 complex	 (3)	 involving	 a
polyfluoroaromatic	 fragment.	 The	 copper	 complex	 interacts	 with	 arylbromide	 by	 oxidative
addition	 via	 another	 transition	 state	 (TS	 3-4),	 to	 form	 a	 new	 copper	 complex	 with
polyfluoroaryl	 and	 aryl	 fragment	 (4),	 that	 further	 undergoes	 reductive	 elimination	 via	 a
transition	state	(TS	4-5)	resulting	in	the	final	biaryl.



When	 employing	 bromostyrenes	 in	 this	 reaction	 polyfluorinated	 stilbenes	 are	 produced
[261].	 3,3',5,5'–Tetrafluorostilbene	 is	 also	 formed	 by	 the	 reaction	 of	 (3,5-
difluorobenzyl)triphenylphosphonium	 bromide	 with	 3,5-difluorobenzaldehyde	 (Scheme	 124)
[262].

The	vinyl	fragment	formation	in	position	5	of	toluene	3,4-difluoro-5-hydroxyalkylderivative	is
due	to	dehydration	(Scheme	125)	[85],	and	benzylation	of	arenes	that	 is	a	convenient	way
to	diarylmethanes	starting	with	benzyl	alcohols	(Scheme	126)	[263	].



	

Two-step	 synthesis	 of	 1-difluorophenyl-2-propanones	 from	 difluoroanilines	 and
isopropylacetate	by	the	Meerwein	reaction	was	proposed	in	[264]	(Scheme	127).

VI.	CONCLUSION

The	 studies	 devoted	 to	 alkylation,	 arylation	 (hetarylation),	 alkenylation,	 and	alkynylation	 of
polyfluoroarenes	demonstrate	that	 for	those	substances,	as	well	as	for	their	non-fluorinated
analogues,	along	with	the	classic	methods,	the	more	and	more	extended	are	those	based	on
metal-complex	catalysis,	that	with	metals	and	ligands	appropriately	chosen	makes	it	possible
to	 introduce	 successfully	 desired	 groups	 into	 polyfluorinated	 arenes	 by	 replacing	 either
hydrogen	or	any	halogen,	including	fluorine.	Such	transformations	often	make	a	step	of	multi-
step	synthesis	processes,	and	in	many	cases	are	used	for	the	production	of	compounds	with
practicable	useful	 properties.	 The	development	of	 those	methods	 for	polyfluoroarene	 series
would	 certainly	 contribute	 to	 the	 extension	 in	 number	 of	 compounds	 containing
polyfluoroaromatic	 groups,	 investigation	 of	 their	 chemical	 properties	 and	 search	 for	 their
practical	applications.

List	of	Abbreviations

1.	acac	—	acetylacetonate

2.	AIBN	—a,a’	-azobisisobutyrodinitrile

3.	BINAP	—	2,2’	-bis(diphenylphosphino)-1,1’	-	binaphthyl

4.	(R)-BINAP	—	(R)-1,1’	-	bis(diphenylphosphino)-2,2’	-	binaphthyl

5.	Boc	—	tert-butoxycarbonyl



6.	COD	—	1,5-cyclooctadiene

7.	Cp	—	cyclopentadienyl

8.	Cy	—	cyclohexyl

9.	Cy2NH	—	N,N-dicyclohexylamine

10.	Cyp	—	cyclopentyl

11.	DABCO	—	1,4-diazabicyclo[2,2,2]octane

12.	davephos	—	(2-bicyclohexylphosphino)-2’	-(N,N-dimethylamino)biphenyle

13.	dba	—	dibenzylideneacetone

14.	Dt	BPF	—	1,1-bis(di-tert-butylphosphino)ferrocene

15.	DiРPF	—	1,1’	-bis(di-isopropylphosphino)ferrocene

16.	DBU	—	1,8-diazabicyclo[5.4.0]undec-7-ene

17.	dppe	—	1,2-bis(diphenylphosphino)ethane

18.	dppf	—	1,1’	-bis(diphenylphosphino)ferrocene

19.	dppp	—	1,3-bis(diphenylphosphino)propane

20.	dppbz	—	1,2-bis(diphenylphosphino)benzene

21.	dii	ppbz	—	1,2-bis[(4-isopropylphenyl)phosphino]benzene

22.	EPHP	—	1-ethylpiperidine	hypophosphite

23.	L	—	ligand

24.	LDA	—	lithium	diisopropylamide

25.	LiTMP	—	lithium	tetramethylpiperidide

26.	NHC	—	N-heterocyclic	carbene

27.	NEM	—	N-ethylmorpholine

28.	OTf	—	trifluoromethanesulfonate

29.	PCy3	-	HBF4	—	tricyclohexylphosphine	tetrafluoroborate

30.	Phen	—	1,10-phenantroline

31.	i-Pr2Im	—	1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene

32.	i-Pr2ImC	—	1,3-bis(2,6-diisopropylphenyl)imidazolinium	chloride

33.	Rh(acac)	bis(C2H2)	—	Rhodium	acetylacetonate/bis	ethylene

34	PCy2-dmb	—	2-(dicyclohexylphosphino)-2’	,6’	-dimethoxybiphenyl

35.	TBAB	—	tetrabutylammonium	bromide



36.	TBAF	—	tetrabutylammonium	fluoride

37.	TFA	—	trifluoroacetic	acid

38.	TMAF	—	tetramethylammonium	fluoride

39.	TMEDA	—	N,N,N’	,N’	-tetramethylethylenediamine

40.	Tf	—	trifluoromethanesulfonyl

41.	tfp	—	tri(o-furyl)phosphine

42.	TMP	—	2,2,6,6-tetramethylpyperidine

43.	TFSA	—	trifluoromethanesulphonic	acid

44.	Ts	—	tosyl	(4-toluenesulphonyl)
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