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    Abstract     The chapter is devoted to the synthesis and application of indoles as well 
as some their azaanalogues bearing fl uorine atoms, trifl uoromethyl groups, and 
perfl uorinated aryl fragments.  
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1         Introduction 

 Indoles represent very important subunits of many natural products and pharmaco-
logically active compounds [ 1 ]. Fluorinated indole derivatives are inhibitors of 
HIV-1 [ 2 ], CB2 cannabinoid receptor ligands found in the central nervous system [ 3 ], 
and factor Xa preventing thrombus [ 4 ]. Some fl uorinated azaindoles, for example, 
fl uorinated pyrrolopyrimidines are inhibitors of hepatitis C virus (HCV) RNA 
replication [ 5 ] and Y5 antagonists which are potential antiobesity agents [ 6 ]. Herein, 
we highlighted methods for the synthesis and application of fl uoroindoles, trifl uro-
methylpyrroles and some their azaanalogues.
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2         Synthesis of Fluoroindoles and Deazapurines 

2.1     Functionalization of the Pyrrole Ring 

 Several reagents were used for the electrophilic fl uorination of indole. The fi rst 
one used for this aim was trifl uoromethyl hypofl uorite (CF 3 OF). Treatment of 
 N -acylindole  1  with trifl uoromethyl hypofl uorite in CF 3 Cl at −78 °C afforded a 
mixture of 2-fl uoro-3-trifl uoromethoxy- and 2,3-difl uoroindoline derivatives  2 – 4  
in high combined yield. Subsequent treatment of difl uoride  4  with potassium 
hydroxide in methanol afforded quantitatively 3-fl uoroindole  5 . Similarly, starting 
from 1-formyl-2-methylindole reaction with trifl uoromethyl hypofl uorite resulted 
in formation of 2-methyl-3-fl uoroindole  7  in low yield in mixture with 2-methyl-3- 
trifl uormethoxyindole  8  [ 7 ].
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    Fluorination of indoles  9  and  11  using cesium fl uoroxysulfate (CsOSO 3 F, CFS) 
or Selectfl uor led to the corresponding 3-fl uoroindolines, which are the products of 
conjugate addition of fl uorine and methanol or water. Thus, fl uorinated methoxyin-
dolines  10 , and 3- H -indoles  12  or hydroxyindolines  13  were obtained in methanolic 
or aqueous acetonitrile respectively [ 8a ,  b ].
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    3-Fluoroindole  15  can be also prepared using Selectfl uor. When acetonitrile was 
replaced by acetone and reaction was stopped before the starting  N -methyl indole 
 14  was totally consumed, 3-fl uoroindole derivative  15  was isolated in 45 % yield 
together with difl uorohydroxyindoline derivative  16 . This experiment led to claim 
that 3-fl uoroindole derivative  15  was a reaction intermediate, subsequent fl uorination 
resulted in the formation of difl uoroindolines  12  and  13  [ 8b ].
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     N -Fluoropyridinium trifl ates  18  are another useful type of fl uorinating reagents 
applied for the preparation of fl uorinated indoles. Using these reagents a series of 
2-(3-fl uoroindolyl)carboxylic acid derivatives  19  was prepared in good yields by 
treatment of indole-2-carboxylates or carboxamides  17  in dichloromethane [ 4 ,  9 ].
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    The problem of regioselective installation of fl uorine into pyrrole ring of indole 
was resolved using tin substituted indoles as starting materials. Both 2- and 3-tri-
methylstannyl-1-(arylsulfonyl)indoles  20  and  22  can be used for fl uorination with 
cesium fl uoroxysulfate to afford 2-fl uoro and 3-fl uoroderivatives in 61 % and 72 % 
yields correspondingly. Using Selectfl uor and xenon difl uoride gave fl uoroindoles 
in moderate yields. In addition, reaction of 2-trimethylstannylindole  20  with xenon 
difl uoride afforded admixture of regioisomeric 3-fl uoroindole  23  [ 8 ,  10 ].
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    Analogous transformation with cesium fl uoroxysulfate in the case of more 
electron rich 1-methyl-2-(trimethylstannyl)-1 H -indole  24  leads to 2-fl uoro-1-methyl-
1 H - indole  25  in lower yield [ 8c ].
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    A nucleophilic fl uorination approach towards fl uoroindoles was also elaborated. 
Using nucleophilic substitution of phenyliodonium group by fl uoride under heating, 
2-fl uoroindole  25  and 3-fl uoroindole  5  were prepared in good yields. The intermedi-
ate phenyl(indolyl)iodonium salts  26  and  28  were easily synthesized by treatment 
of (2-indolyl)trialkylstannane  24  [ 11 ] or indole  27a  [ 12 ] with the corresponding 
polyvalent iodine compounds.
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    Similarly, 2-fl uoroindole  30  derivative was obtained in 45 % yield by nucleo-
philic substitution of chloride in the 2-chloroindole  29  under heating with sodium 
fl uoride in dimethyl sulfoxide [ 13 ]. The nucleophilic substitution proceeds in quite 
mild conditions for  29  due to the presence of activating nucleophilic substitution 
keto group in β-position of the indole.
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    An electrosynthesis of fl uorinated indole derivatives was carried out by Fuchigami 
and co-workers. Anodic fl uorination of various  N -acetyl-3-substituted indole 
derivatives  31  was performed in acetonitrile to give a mixture of  trans - and  cis -2,3-
difl uoro- 2,3-dihydroindoles  32 , which afforded 3-fl uoroindoles  35  and  34  after 
treatment with sodium methoxide [ 14 ].
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    An effi cient pathway towards 3-fl uoroindoles was proposed starting from 
isatines  35 . Fluorinated 2-indolinones  36  were obtained in high yields by treatment 
of isatine derivatives  35  with diethylaminosulfur trifl uoride in dichloromethane. 
In case of electron-donating substituents reduction of  36  with tetrahydrofuran-borane 
complex led smoothly to 3-fl uoroindoles  37  in high yields.
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    The corresponding difl uoroindolines  38  were mostly isolated in case of indoles 
with electron-withdrawing groups. It was mentioned, that 3-fl uoroindoles  5  and  37a  
are quite unstable; the much more stable  N -tosyl derivatives  23  and  39  can be 
prepared by treatment of  5  and  37a  with tosyl chloride under basic catalysis [ 15 ].
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    7-Deazapurines (pyrrolo[2,3- d ]pyrimidines) are shape mimics of the parent 
purines. Hence, one might expect the corresponding ribonucleosides can replace 
naturally occurring RNA-constituents as substrates or inhibitors. As a result, fur-
ther modifi cations of the pyrrolo[2,3- d ]pyrimidine moiety may provide novel 
pharmacologically active compounds against human immunodefi ciency virus 
[ 16 ]. A great effort was devoted to investigations of 7-fl uorinated 7-deazapurines. 
The fl uorination of various 7 H -pyrrolo[2,3- d ]pyrimidines  40  with Selectfl uor 
gave selectively 7-fl uorinated 7-deazapurines  41  in moderate yields [ 17 ]. 
Alternatively, 7- fl uorinated 7-deazapurines  41  were prepared by lithiation of 
5-bromo-4-chloro-1 H - pyrrolo[2,3-   d ]pyrimidine  42 , followed by subsequent 
treatment of the resulting intermediate with trimethylstannane chloride to give 
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5-trimethylstannane  43 , which affords target 5-fl uoroderivative  41  in 21 % yield 
after the reaction with Selectfl uor [ 5 ].
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    The second step of new nucleoside preparation was the modifi cation at the 
pyrrole nitrogen, using standard techniques of nucleoside synthesis such as the 
silyl-Hilbert- Johnson (or Vorbrüggen) reaction [ 17a ,  c ,  18 ], alkylation under basic 
conditions [ 17d ,  19 ] or Mitsunobu reaction [ 17f ,  20 ]. By means of methods 
mentioned, a series of nucleosides  44 – 46  was prepared in moderate to good yields.
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    In the case of β-substituted pyrrolo[3,2- d ]pyrimidines, the fl uorine atom can 
be inserted into the molecule via metallation to α-position to pyrrole ring fol-
lowed by fl uorination. Thus, compound  47  reacted with  n -butyllithium and 
 N -fl uorobenzenesulfonimide to produce fl uoro derivative  48  in 52 % yield [ 21 ].
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2.2         Heterocyclization 

 β,β-Difl uorostyrenes  52  bearing a tosylamido group at the  ortho -position underwent 
intramolecular nucleophilic substitution of the fl uorine atom  via  a 5- endo  trigonal 
process leading to 2-fl uorinated indoles  53  [ 22 ,  23 ]. The cyclization is promoted by 
base, for example sodium hydride. The starting β,β-difl uorostyrenes  52  were 
obtained accordingly to scheme below. Firstly, coupling of 2,2-difl uorovinylboranes 
 50 , generated  in situ  from 2,2,2-trifl uoroethyl toluene- p -sulfonate  49 , with 
 N -butylmagnesio- o -iodoaniline were performed in the presence of copper(I) iodide 
and a palladium catalyst to give alkene  51 . Next, alkene  51  was converted into  52  by 
the reaction with TsCl.
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    Another intramolecular cyclization of amine  58  is the last step in the pyrrolo[3,2- 
  d ]pyrimidine analogue  59  synthesis. Intermediate  58  formed  in situ  from nitro pre-
cursor  57  by reduction with tin(II) chloride is a key step of this version of 
Leimgruber–Batcho synthesis leading to formation of  59  fi nally. This simple three- 
step route to  59  started from the coupling of electron-poor dichloronitropyrimidine 
 54  with β-fl uoroenamine  55  to form alkene  56 . Regioselective nucleophilic 
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substitution of chlorine with piperidine led to nitro precursor  57 , which transforms 
into target pyrrolo[3,2- d ]pyrimidine  59  by reduction in 6 % overall yield [ 5 ].
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3          Synthesis of Trifl uoromethylindoles 

3.1     Direct Trifl uoromethylation 

 Radical trifl uoromethylation of  N -trimethylsilylindole  27b  with trifl uoroiodometh-
ane proceeded nonselectively into both 2- and 3-positions, with a preference for the 
2-trifl uoromethylindole formation [ 24 ]. Quench of the reaction mixture with metha-
nol afforded the 2- and 3-trifl uoromethylndoles  60a  and  61  in 2/1 ratio. Similarly, 
the trifl uoromethylation using difl uorodiiodomethane [ 25 ] and bis(perfl uoroalkanoyl)
peroxide [ 26 ] led to a mixture of the same products. In all cases, the overall yield of 
isomeric indoles was moderate.
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    Perfect selectivity was achieved then hypervalent iodine reagent  A  [ 27 ] was used 
for electrophilic trifl uoromethylation of indoles. Radical trifl uoromethylation using 
CF 3 I-FeSO 4 -H 2 O 2 -DMSO system  B  [ 28 ] provided also excellent regioselectivity. 
However, yields of 2-trifl uoromethylindoles  60a–c  in both cases were moderate 
to good.
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    Another selective approach to 2-trifl uoromethylindole is copper-mediated oxida-
tive cross-coupling of 2-indolylboronic acid with TMSCF 3 . Reaction proceeds in 
mild conditions to give  N -Boc-2-trifl uoromethylindole  60d  in 61 % yield [ 29 ].
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    The nucleophilic trifl uoromethylation, which is based on the heating of  N -methyl- 
2 -iodoindole  63  with 10 equivalents of sodium trifl uoroacetate and an equimolar 
amount of copper(I) iodide in  N -methylpyrrolidinone, afforded  N -methyl-2- 
trifl uoromethylindole  60c  in 65 % yield [ 30 ].
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    Formal  N -trifl uoromethylation of indole was performed in several steps, starting 
from indoline. At fi rst step 3-cyanoindoline was treated with NaH, followed by CS 2  
and then MeI to form thioderivative  64 . The latter was treated with tetrabutylam-
monium dihydrogen trifl uoride, followed by NBS, to give  N -CF 3 -indoline  65 . 
Aromatization of  65  was carried out by reaction with NBS in CCl 4  at refl ux, leading 
to  N -trifl uoromethyl-3-bromoindole  66  [ 31 ].
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3.2         Heterocyclizations 

3.2.1     Formation of the C3-C4 Bond 

 Kobayashi et al. elaborated an unusual pathway for the synthesis of 
2,3-bis(trifl uoromethyl)indoles [ 32 ]. Photolysis of the 1-phenyl-4,5- bis(tri-
fl uoromethyl)-1 H -1,2,3-triazole in hexane proceeded very slowly to afford the 
indole  68  in 44 % yield. It was proposed, that after homolytic nitrogen extrusion, the 
carbene  67  was formed. Intramolecular cyclization led to the indole  68 .
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    Radical, photochemical and thermolytic generation of  N -aryltrifl uoroacetimidoyl 
radicals followed by intramolecular cyclization was successfully used to synthesize 
2-trifl uoromethylindoles [ 33 ]. The radical approach was based on treatment of imi-
doyl iodides  69a  with tributyltin hydride in the presence of 2,2′-azabis(isobutyronitrile) 
(AIBN). The second method for the generation of  N -aryltrifl uoroacetimidoyl radi-
cals  70  was based on the homolytic cleavage of carbon-iodine or carbon-tellurium 
bond in imidoyl iodides  69a  and tellurides  69b  under irradiation [ 34 ]. The third 
method involved the thermal homolysis of aza compounds  69c . All of these meth-
ods provided the indoles  71 ,  72  and  73 , respectively, in high yields [ 33 ,  34 ].
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    The intramolecular Heck reaction of bromo- or iodoaryl enamines  74  is another 
versatile key step for the synthesis of indoles. Zero-valent palladium catalysis 
afforded a mixture of indoles  76  and reduced enamines  74  (X=H) via intermediate 
formation of  75  depending on the base used [ 35 ].

   

R

N
H

X

CF3

CO2Et R

N

[Pd]

CF3

CO2Et

A: Pd(OAc)2, PPh3, DMF, Pr3N, 120 °C
B: Pd((OAc)2, PPh3, DMF, NaHCO3, 120 °C

H

X

N
H

CO2Et

CF3

R

Pd(0) + HX

Pd(0)

74

74   (X = H, 25-28%)

75

A o rB

76

44-68%

X = Br, I;
R = CN, CO2Et, NO2   

    A variation of the intramolecular Heck coupling towards indoles bearing tri-
fl uoromethyl and aryl groups in the 2- and 3-positions was described by Chae 
and co- workers. First the C2-N bond was built, followed by ring closure that 
forms the C3-C4 bond. Accordingly, the palladium catalyzed addition of the 
trifl uoromethyl(aryl) acetylenes  78  to the  ortho -iodoanilines  77  afforded a mix-
ture of the indoles  79  and  80  in high overall yield. Depending on the catalyst 
[20 mol% Pd(PPh) 3  or 10 mol% Pd 2 (dba) 3  · CHCl 3 , P( o -Tol) 3 ], one isomeric 
indole of either  79  or  80  was formed predominantly [ 36 ].

   

R1

R2

I

NH2

CF3

R

Pd(0)
R1

R2 N
H

X

Y

77 78 79 X = R; Y = CF3
80 X = CF3; Y = R

47-92%

R1 = H, Cl, Me, NO2; R2 = H, Cl, MeO
R = 4-ClC6H4, 3-ClC6H4, 2-ClC6H4, 4-MeC6H4, 4-MeOC6H4,

4-CO2MeC6H4, 4-NO2C6H4, Ph(CH2)3, PhCH(CH3)CH2

Et3N, DMF
80 °C

  

    Another versatile approach towards 3-trifl uoromethylated indoles was elabo-
rated by Rodrigues et al. Anilines  81  reacted with epoxy ethers  82  (prepared by 
epoxydation of the corresponding vinyl ethers) in hexafl uoropropan-2-ol to form 
mixtures of diastereomeric indolines  83  in high yields. The ratio of the diastereo-
mers varied between 96:4 and 79:21. These diastereomers can be separated easily 
by column chromatography. The reaction was general and allowed effective prepa-
ration of indolines with both electron-donating and electron-withdrawing substitu-
ents. Compounds with fused rings were also prepared by this method. Treatment of 
the major  trans -diastereomer of  83  with thionyl chloride in pyridine afforded the 
3-trifl uoromethylindoles  84  in high yields [ 37 ].
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O

EtO H

RF3C
R1

NH
R2

R1

N
R2

R

CF3O

N

F3C

R2

OH
R

H

R1

R3 R3
R3

82

81

(CF3)2CHOH, r. t.

R = Ph, BnCH2

R1 = H, MeO, NO2

R2 = H, Me, Et
R3 = H or R2 = R3 = -(CH2)3-

N

CF3

R2

R
R1

84

Py, 0°C

SOCl2

R3 = H

83 (65-98%)

R R1 R2 Yield (%)
Ph H Me 80
CH2Bn H H 92
CH2Bn OMe Me 87   

    3-Aryl-2-trifl uoromethylindoles  88  were prepared regioselectively using 
trifl uoromethyl- 2-arylenamines as synthetic equivalents of trifl uoromethylated 
carbonyl compounds in the Fischer indole synthesis. Accordingly, arylhydra-
zines  85  reacted smoothly with enamines  86  in acetic acid to give the 
α-trifl uoromethylhydrazones  87 . Fischer rearrangement of these hydrazones was 
performed in refl uxing acetic acid the presence of methanesulfonic acid. As a 
result, a number of 3-aryl-2-trifl uoromethylindoles were prepared in moderate to 
high yields [ 38 ]. This approach is fi rst successful example of Fisher rearrangement 
for trifl uoromethylated derivatives.

   

N
H

Ar

CF3

R1

R2

NH

R1

R2 N
H

R1

R2

N

Ar

CF3

87

88 (41-89%)

85 86

CF3N

Ar
AcOH
reflux

NH2

AcOH,MeSO3H

90 °C or reflux

R1 = H, Cl, F, CN, Me, MeO; R2 = H, Cl, Me
Ar = Ph, 4-ClC6H4, 2-BrC6H4, 4-MeO2CC6H4,

4-NO2C6H4, 3-NO2C6H4, 2-NO2C6H4   

3.2.2         Formation of the C2-C3 Bond 

 Indole  90  was synthesized by a modifi ed Madelung reaction from the amide  89  by 
treatment with potassium  tert- butoxide. The presence of two strong electron- 
withdrawing groups (CN and CF 3 ) in  89  facilitated both the deprotonation to the 
benzyl anion and its intramolecular cyclization under very mild conditions. 
Formation of  90  was completed in 10 min at room temperature in 81 % yield [ 39 ].
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MeO

MeO N

Bn

CF3

O
MeO

MeO N

CN

CF3

CN

89 90 (81%) Bn

t-BuOK
THF, r. t.

  

    Miyashita and co-workers developed a novel 2-trifl uoromethylindole synthesis 
based on thermolysis of 2-( N -acylamino)benzylmethyl ethers  91  in the presence of 
triphenylphosphine. However, this method has several disadvantages. The presence 
of a MeO-group in 5-position or 4-methoxyphenyl group at the benzyl carbon atom 
is necessary for the formation of  92 , otherwise the yields tend to zero. An explana-
tion invokes the necessity of resonance stabilization of the intermediate oxonium 
ion  93 , which gives the key phosphonium salt  94  after attack by PPh 3 . Subsequent 
intramolecular Wittig reaction leads to  95  which affords the 3- H -indole  96 . 
Isomerization of the latter leads to the target indole  92 . Another signifi cant disad-
vantage of the method is the four-steps synthetic sequence to reach the starting 
2-( N -acylamino)benzyl methylethers  91  [ 40 ].

   

R3

R4 N

R2

CF3

R3

R4 N

R2
OMe

R1

O

CF3

R1

PPh3, TsOH

toluene, 180 °C

91 92

MeO N
H

O

CF3

:PPh3

MeO N

O

CF3

PPh3

H

MeO N CF3

O

Ph3
P

N
CF3

MeO
93

94 95

96

34-82%

R1 = H, Bz; R2 = H, Ph, 4-MeOC6H4; R3 = H, OMe; R4 = H, OMe

-MeOH

-Ph3P=O

  

    These disadvantages could be overcome by use of the phosphonium salts  98 , 
which are prepared in two steps from amides  97 . Bromination of  97  with NBS 
followed by reaction with triphenylphosphine permits to prepare  98  effectively. 
2-Perfl uoroalkylindoles  60a,d  and  99  were obtained in high yields using this 
method [ 40 ,  41 ].

   

R = H, RF= CF3 60a  (82%)
R = Br, RF = CF3 60d  (100%)
R = H, RF= C2F5 99    (92%)

N
H

O

Rf

PPh3

N
H

RF

Br

reflux

Me

N
H

O

Rf

1) NBS, CCl4, reflux

97 98

R R R
DMF

2) PPh3, toluene, 60 °C
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    Okada and co-workers investigated the reactions of the quinoline and naphthalene 
bis(trifl uoroacetyl) derivatives  100  with amino acid esters in acetonitrile [ 42 ]. Two 
COCF 3  groups facilitate extremely nucleophilic substitution in  100  to make dimeth-
ylamino group good enough nucleophuge in this case. In the presence of equimolar 
amounts of sodium acetate (neutral media) the dimethylamino group was substituted 
with the amino acid ester moiety forming  101 . Subsequent treatment with triethyl-
amine resulted in cyclization of  101  into the condensed dihydropyrrole derivatives 
 102  as mixtures of diastereomers. Quinoline  101  (X=N) was not isolated, but spon-
taneously cyclized to give 1 H -pyrrolo[3,2- h ]quinoline  102  (X=N). In contrast, naph-
thalene  101  (X=СН) in basic media was stable enough to be isolated. Treatment 
of  102  (X=СН) with trifl uoroacetic acid gave the 1 H -benzo[ g ]indole  103  
quantitatively.

   

X

NMe2

F3COC

X

N
H

F3COC COCF3COCF3 CO2Et

R

X

N
H

F3COC
CO2Et

R

F3C
OH

X

N
H

F3COC

CO2Et

CF3

75-100%
100 101

102 103

R CO2Et

NH2 HCl

NaOAc, MeCN

X = N, R = H

X = CH

X = CH, N

82-100%

TFA

.

Et3N
MeCN

100%

100%

R = H, Me, CH2CH2SMe, Ph

R = H

  

    Fürstner and co-workers used the McMurry reaction for the synthesis of 
2-trifl uoromethyl- 3-phenylindole  105  from ketonamide  104 . The reaction was per-
formed either with two equivalents or substoichiometric amounts of titanium(III) 
chloride. In the latter case, large excesses of trimethylsilyl chloride and zinc were 
necessary [ 43 ].

   

N
H

N
H

Ph

CF3
O

O

Ph

CF3

B: 10 mol% TiCl3, 5 equiv. Zn, 5 equiv. TMSCl, MeCN, reflux

82% (A), 88% (B)

A: 2 equiv. TiCl3, 4 equiv. Zn, THF, reflux

104 105

A / B

  

    Refl uxing of  N -trimethylsilyltoluidine  106  with  n -butyllithium in hexane in the 
presence of TMEDA afforded the dianion  107 , which on treatment with ethyl tri-
fl uoroacetate at −78 °C gave 2-trifl uoromethylindole  60a  in 47 % yield [ 30 ].
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CH3

N
TMS

H

CH2Li

N
TMS

Li

CF3CO2Et
-78 to 20 °C

106 107 60a (47%)

hexane, reflux, 6h
n-BuLi, TMEDA

N
H

CF3

  

    An interesting rearrangement was found by Frey et al. Heating the amino alco-
hol  O -acetate  108  (R=Me) in acetonitrile led to the tricyclic indole derivative  110 , 
while the trityl derivative  108  (R=Ph) afforded the dihydrocyclohepta[3,4]
pyrrolo[1,2- a ]indoles  111  in high yields. The authors suggested the carbene  109  
as a key reaction intermediate, though the reaction mechanism is still a matter of 
discussion [ 44 ].

   

CF3

OAc

N
H

N

CF3

R1

R
R

R

:

Cl Cl

75°C N

CF3

R1

Ph
Ph

Cl

N

CF3

R1

Me
Me

Cl

93%
R = Me, Ph

R = PhR = Me

109 111

110

108

R

R

R

MeCN

R1

40-99%

R1 = H, n-Bu, c-Pr, c-Hex, Ph,

4-NO2C6H4, 4-MeOC6H4, CO2Et

  

    A convenient pathway to 2-fl uoroalkyl-substituted indoles  114  was elaborated 
using the fl uorinated  N -[2-(haloalkyl)aryl]imidoyl chlorides  112  as key interme-
diates [ 45 ]. Treatment of the latter compounds with magnesium in tetrahydrofu-
ran gave the Grignard compounds  113 , which afforded the indoles  114  in high 
yields by intramolecular cyclization initiated by attack of the nucleophile on 
imidoyl fragment.

   

N
H

R1

Rf
N

R1

Rf
Cl

X

N

R1

Rf
Cl

MgXMg, THF

0 °C to r. t.

X = Br; Rf = CF3, CF2H, n-C3F7; R1 = H, Me; R2 = H, 4-MeO, 5-F, 5-Cl
X = Cl; Rf = CF3, CF2H, R1 = R2 = H

112 113 114

R2 R2 R2

2 h

X = Br (45-82%)
X = Cl (58-61%)
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3.2.3         Formation of the C2-N Bond 

 A regioselective pathway to 2- and 3-trifl uoromethylindoles based on the ring- opening 
reaction of compounds  115  was developed by Attanasi and co-workers. After treat-
ment of  115  with HCl in methanol, the corresponding indoles  60a  and  60a  were 
obtained in good yields. The starting compounds  115  were prepared from trifl uoro-
quinolines in three steps [ 46 ].

   

N
H

R1

R2

N

O

CN

R2R1

MeOH

R1 = CF3, R2 = H 61 (64%)
R1 = H, R2 = CF3 60a (62%)

115

HCl

  

    The synthesis of 3-trifl uoromethyl-2-phenylindole  117  was accomplished by 
succeeding palladium catalyzed carbon−carbon cross-coupling of  116  with phenyl-
boronic acid and carbon−nitrogen coupling in the presence of S-Phos [ 47 ].

   

NH2

3% Pd(OAc)2, 6% S-Phos

N
H

CF3

Ph

116

CF3

Br

Br

Ph-B(OH)2

K3PO4*H2O, toluene
100 °C

117 (79%)

MeO OMe
PCy2

S-Phos
  

    Under similar conditions, 2-trifl uoromethylindole  60a  was prepared starting 
from 2-bromoaniline  118  and 2-bromo-3,3,3-trifl uoroprop-1-ene  119  using palla-
dium catalysis [ 48 ].

   

NH2

Br
Pd(OAc)2, S-Phos

N
H

CF3Cs2CO3, toluene
Br

CF3
+

118 60a (49%)119   

    An effi cient one-pot synthesis of substituted 2-trifl uoromethylindoles was elabo-
rated using copper(I)-catalyzed nucleophilic substitution of vinyl or aryl halogen 
atoms in styrenes  120  by primary amines. The resulting 2-trifl uoromethylindoles 
 121  were prepared in moderate to good yields. The simplicity of the synthetic pro-
cedure and readily available starting materials are signifi cant advantages of this 
method [ 49 ].
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Br

CuI, K2CO3

N
CF3

120

CF3

X

121 (39-74%)
X = Cl, Br; R = H, 5-MeO, 5-EtO, 5,6,7-tri(MeO)
R' = n-Hex, i-Pr, Et, Ph(CH2)2, MeO(CH2)2, MeO(CH2)3,

3,4-EtO2C6H3(CH2)2, 3,4-MeO2C6H3(CH2)2

R'NH2 DMSO, 80°CR

R'

R+

  

    Another synthetic sequence for the preparation of 2-trifl uoromehylindole  60a  
was developed. In the fi rst step, the styrene  122  was converted into the enamine  123  
in quantitative yield. Subsequent treatment of this enamine with zinc dust under the 
standard conditions of the Leimgruber-Batcho indole synthesis led to 
2- trifl uoromethylindole, also in almost quantitative yield. Moreover, a one-pot 
methodology without isolation of enamine was also applied. In that case, an overall 
90 % yield was obtained [ 50 ].

   60a (93%)

N
H

CF3

CF3

Cl

N
H
r. t.

CF3

NNO2 NO2

122 123 (98%)

AcOH-H2O
65°C

Zn

  

    A convenient method for the synthesis of 2-trifl uoro-methyl-1 H -indole-3-car-
boxylic acid esters  126  was elaborated using a cascade coupling, condensation and 
deacylation sequence. Starting from aryl trifl uoacetamides  124  and ketoesters  125 , 
the corresponding indoles  126  were prepared in good to excellent yields, using a 
catalytic system of copper(I) iodide and  L -proline [ 51 ].

   

I

N
H

CF3

O

R

O
R'O

R''
O

10% CuI, 20% L-proline

Cs2CO3, DMSO
50 °C, 12 h

N
H

CO2R'

CF3

R = NO2, Ac, Cl, Me, CO2Me, I, MeO, CH2CH2OH
R' = Me, Et, Bn, t-Bu, c-Hex, allyl
R'' = Me, Ph, i-Pr

124 125 126 (27-93%)

R

  

    In conclusion, the synthesis of trifl uoromethylated indoles is more diffi cult and 
less studied compared to synthesis of indoles bearing C-F bonds, therefore new 
effective strategies are very desirable to make these compounds to be more acces-
sible building blocks for drug discovery.    
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4     Synthesis of Indoles with Fluorine Atoms in Carbocycle 

 The infl uence of the fl uorine atom on the nature of indole system is lower when 
fl uorine is located on the benzene ring. However, there is signifi cant specifi city for 
indoles having fully fl uorinated benzene ring. This part of the chapter is focused on 
4,5,6,7-tetrafl uoroindole and derivatives. 

 A common approach to the 4,5,6,7-tetrafluoroindoles is based on the vari-
ous heterocyclizations starting from pentafluorophenyl precursors. Thus, 
heating of 1-pentafluorophenyl-2-amino-ethanol  129  in dimethylformamide 
gives 4,5,6,7- tetrafluoroindole  132  in good yield. The reaction proceeds via 
intramolecular nucleophilic substitution of the  o -fluorine atom, followed by 
dehydration [ 52 ].

   

N

F
F

F

F

C6F5

OH
NO2

4e-, 4H+ 2e-, 2H+

C6F5

OH
NHOH

C6F5

OH
NH2

OH

OH

N
H

F
F

F

F

OH

N
H

F

F

F
F

Zn, HCl HCl
AcOH

127 128 129

130 (63%) 131 (86%)132

DMF, 150 °CDMF, NaF, 150 °C

  

    Another possible route for the nucleophilic substitution of the  ortho -fl uorine 
atom includes intramolecular attack by the hydroxy group of 2-(hydroxyamino)-
1-(pentafl uorophenyl)ethanol  128 . Heating of compound  128  in  N,N - 
dimethylformamide in the presence of sodium fl uoride led to cyclizations at the 
nitrogen to give 1,3-dihydroxy-4,5,6,7-tetrafl uoro-indoline  130 . The latter was 
readily reduced by zinc in acidic media into 4,5,6,7-tetrafl uoroindole  132 . The start-
ing amino alcohols  128  and  129  were obtained by the potential-controlled electro-
chemical reduction of the nitroalcohol  127 , which can be prepared directly from 
pentafl uorobenzaldehyde and nitromethane. 

 Alternative method for the synthesis of tetrafl uoroindole was described in 1968. 
Ketone  133  was heated under refl ux with aniline in the presence of anhydrous zinc 
chloride in order to prepare the Schiff base  134 . However, the only product isolated 
was  N -phenyl-4,5,6,7-tetrafl uoro-2-methylindole  136  (<10 %). The yield of  136  was 
increased up to 47 % by the addition of aniline hydrobromide to the reaction mixture. 
Thus, the improved synthesis of indole  136  includes heating of the ketone  133 , 
aniline hydrobromide, anhydrous zinc chloride and aniline under refl ux for 2 h [ 53 ].
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F

CH3
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F

N Ph

F
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F

CH3

N
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CH3

F

F

F

F

F

CH3

O

PhNH2

ZnCl2

base

133

136 (46%)

134 135

  

    A similar approach was realized by other authors starting from aldehyde  137 . 
The reaction of the latter one with amines, followed by cyclization of intermediate 
 138  using lithium diisopropylamide as a base leads to tetrafl uoroindole core. Finally, 
deprotection of  139  or  140  by a rhodium catalyst gave 3-methyl-4,5,6,7- 
tetrafl uoroindole  141 . Overall yield of  141  starting from  138  was 72 % [ 54 ].

   

N
H

F

F

F
F

F

F

F

F

F

H

O

RNH2, MgSO4

30 min, r. t.

F

F
F

F

F CH3

HN
LDA

-78 °C

F

F
F

F

N

CH3

1) RhCl3-3H2O

2) H3O+

139: R=allyl (74%)
140: R=benzyl (79%)

CH3

CH3

R
R

137 138

141 (97%)   

    Intramolecular nucleophilic substitution of fl uorine led to the formation of the 
pyrrole ring in the above mentioned transformations. However, the C-arylation can 
precede the heterocyclization. For example, condensation of cyclic enamines  143  
with perfl uorobenzenes  142  gave fl uorinated indoles  144  via formation of C-N and 
C-C bonds. The authors reported that initial C-arylation was in competition with an 
initial  N -arylation producing  N -dialkylaminopoly-fl uoroarenes. The “C  versus  N” 
arylation ratio was found to be dependent upon the nature of the enamine [ 55 ].

   

R2N R2

R1HF

X

F

F

F
F

+
X

F

F

F

N
R

R1

R2
2) 10N H2SO4

R1=Me, Et, R2=Et, H;
R1, R2=-(CH2)4-, -CHMe(CH2)3-, -CH2NMe(CH2)2-

1) reflux

R=Et, Me
X=F, Br, CF3

142 143 144 (7-87%)
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    Similar cyclizations based on  N -arylation are also known. For instance, when 
pentafl uorophenyl substituted aminofumarate  145  (prepared from pentafl uoroani-
line and diethyl acetylenedicarboxylate) was treated with sodium hydride in dimeth-
ylformamide under refl ux the indole derivative  146  was isolated. However, the yield 
of the target indole was very low [ 56 ]. Subsequent hydrolysis and decarboxylation 
provided tetrafl uoroindole  132  in 55 % yield.
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CO2H

146a (86%)

1) NaOH

2) H2SO4
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F

F

F

F

N
H

heating

132 (55%)   

    An unusual formation of indoles via a formal Fischer cyclization of 
 N -pentafl uorophenyl hydrazones  147  was discovered by Brooke. Generally, the 
Fischer reaction demands the  ortho -position be unoccupied. However, in refl uxing 
tetraline, hydrazones  147  were transformed into polyfl uoroindoles accompanying 
with the loss of one  ortho -fl uorine. Hydrazones of acetophenone and cyclohexa-
none afforded the corresponding indoles  148  and  149  in 12 and 18 % yields respec-
tively. In case of acetaldehyde hydrazone, only a minor amount of parent 
tetrafl uoroindole  132  were isolated. The mechanism of the reaction has not be 
clarifi ed [ 57 ].

   

F

F
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F
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148 R1=Ph, R2=Me (12%)
132 R1=H, R2=Me (1.5%)
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F

F

F

N
H

149 (18%)

reflux

147
  

    An effi cient approach to polyfl uoroindole was elaborated starting from hexafl uo-
robenzene  142a  [ 58 ] and pentafl uoronitrobenzene  150  [ 59 ]. In the fi rst step, per-
fl uoroarylacetonitriles  152  were obtained by nucleophilic substitution of fl uorine 
with cyanoacetate  151  followed by acid catalyzed decarboxylation. Alternatively, 
nitrile  152  could be prepared from pentafl uorobenzyl bromide  153  by treatment 
with potassium cyanide. Next, nitriles  152  were reduced into β-polyfl uoroarylethyl 
amine  154 , which underwent facile cyclizations into fl uorinated indolines  155 . The 
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latter were smoothly aromatized into the corresponding indoles  156  by treatment 
with manganese (IV) oxide or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.
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R R
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2) C6F5CH2Br

R R

78%

152 (72%)

153

154 (82-100%)

155 (55-88%) 156 (R3=F, N3)

KF/K2CO3

a-d

  

5         Properties 

 Fluorinated indoles reveal very similar properties in comparison to their non- 
fl uorinated analogues. However, it should be noted that the chemistry of monofl uori-
nated indoles (with fl uorine atom attached to both 2 and 3 position) is scarcely 
studied. For example, 3-fl uoroindole derivative  19a  was debenzylated to give indole 
carboxylic acid ester  157  quantitatively; the latter one was converted into amide  159  
by hydrolysis followed by reaction with the corresponding amine in the presence of 
BOP reagent [ 9 a]. Nitrogen atom in case of 3-fl uorosubstituted indole derivatives has 
usual nucleophilicity and can participate in standard indole reactions, for example 
reaction with tosyl chloride provided  N -sulfonylation product in 61 % yield [ 15 ].

   

N
Bn

CO2Et

F

AlCl3

N
H

CO2Et

F

N
H

CO2H

F

LiOH

THF, r. t.C6H5OMe, r. t.

159 (87%)

BOP, DMF N
H

F
HN

O

Cl Cl

Cl

BocHN
O

NMe2

Cl

19a

158 (80%)

157

RNH2
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    One more example of monofl uoroindoles reactivity is hydrolysis of indole 
derivative  53a  into oxindole  160 , which was achieved under treatment with trifl uo-
romethanesulfonic acid in hexafl uoroisopropanol [ 60 ].

   

N
Ts

F

Bu

N
H

O

Bu
CF3SO3H

(CF3)2CHOH, r. t.

160 (77%)53a   

    4,5,6,7-Tetrafl uoroindoles were also shown to exhibit typical reactivity of indole. 
N-Substituted 4,5,6,7-tetrafl uoroindole derivatives were obtained easily by the reac-
tion of the parent indole with various electrophiles under basic conditions. Reaction 
of indoles  141  and  161  with acetic anhydride, benzoyl chloride, tosyl chloride and 
methanesulfonic acid ester afforded the corresponding N-substituted derivatives 
 162 – 165  in high yields [ 3 ,  54b ].

   

N
H

F

F

F
F

R

pyridine
N

F
F

F

F

Me

O
Ph

N

F
F

F

F

Me

O
Me

Ac2O PhCOCl

N

F
F

F

F

Me

Tos

TosCl
NaH, THF

N

F

F

F
F

O

O

MeSO3R'

141, 161

162 (94%)

164 (92%)

163 (97%)

165   

    Alternative approach to 4,5,6,7-tetrafl uoroindole nitrogen modifi cation was pro-
posed by Trost et al. Reaction of 4,5,6,7-tetrafl uoroindole  132  with vinyl azyridines 
 166  under Pd 2 (dba) 3  catalysis proceeded with ring-opening to give, stereoselec-
tively, allyl amine derivatives  167  in high yields [ 61 ].

   

N
H

F

F

F

F

N

F

F

F

F

Pd2(dba)3·CHCl3

(R,R)-DACH-naphthyl Trost
ligand, ClCH2CH2Cl

Cs2CO3, 20 °C

N Ar

N
H4-MeOC6H4, 89%

Ph, 96%132 166 167

Ar
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    In spite of electron withdrawing action of four fl uorine atoms, 4,5,6,
7- tetrafl uoroindole  132  reacts with electrophiles under quite mild conditions to give 
products of substitution at the 3-position. For example, reaction of  132  with 
 N -(carbobenzyloxy)piperidin-4-one  168  in the presence of trimethylsilyl trifl ate and 
triethylsilane afforded the corresponding piperidine derivative  169  [ 62 ]. Using sulfur 
trioxide-pyridine complex indolyl sulfonic acid  170  was obtained, which was further 
converted into sulfonyl amide  172  by reaction with phosphorus(V) oxychloride, fol-
lowed by treatment with derivative of piperazine [ 2 a].

   

N
H

F

F

F
F

SO3H

SO3·Py

POCl3

N
H

F

F

F

F

SO2Cl

170

171

NCBZO

TMSOTf
Et3SiH,CH2Cl2

N
H

F

F

F

F

CBZ
N

168

169 (66%)

N
H

F

F

F

F
132

R2NH

EtN(i-Pr)2, CH2Cl2N
H

F

F

F
F

S
O

N
O

N
O

Ph

172   

    Bromination was carried out using bromine in presence of catalytic amount of 
aluminum chloride or bromine-dioxane complex at 0–20 °C to form 
3- bromoderivative  173  in high yield [ 63 ]. Electrophilic carbenoid species, gener-
ated at elevated temperature, reacted with polyfl uoroindole to form indolyl carbox-
ylic esters  174  after treatment with formic acid [ 58c ].

   

N
H

F
F

F
F

Br2, AlCl3, Et2O, r.t.

N
H

F
F

F
F

Br

132 173 (60-70%)

dioxane 0-20 °C
N
H

F
F

F
F

CO2Et

1) N2CHCO2Et, 140 °C

174 (80%)

2) HCO2H, MeSO3H
reflux

or Br2·dioxane

  

    Fluorinated 3-indolyl carbaldehyde  175  was obtained in yields up to 89 % by 
Vilsmeier-Haack reaction [ 58c ,  63 ]. Aminomethylation afforded the corresponding 
fl uorinated gramine derivatives  176  in good yields [ 58 c,  63 ].

   

N
H

F
F

F

F

DMF, POCl3

35-45 °C N
H

F
F

F

F

O

123 175 (78-89%)

N
H

F
F

F

F

NR2

R2NH, CH2O

AcOH, dioxane

R=Me, -(CH2)4-

176 (65-72%)   
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    Reaction of chloroacetonitrile with 4,5,6,7-indolyl magnesium bromide, 
obtained by treatment of tetrafl uoroindole with ethylmagnesium bromide, pro-
ceeded regioselectively at 3-position to afford the corresponding nitrile  177  in 
moderate yield [ 58c ].

   

N
H

F
F

F

F

N
H

F
F

F

F

CN

1) EtMgBr, 2) ClCH2CN

132 177 (50%)   

    Oxidation of 3-methyltetrafl uoroindoles  178  by selenium dioxide in presence of 
acetic anhydride can be stopped at the alcohol oxidation level step to give acetates 
 179 . Fluorinated 3-indolylcarbaldehydes  180  were isolated in high yields when the 
oxidation was performed without addition of acetic anhydride [ 54 ]. Further oxida-
tion of aldehyde was achieved by treatment with potassium permanganate to afford 
3-indolylcarboxylic acid  181  in high yield [ 58c ].

   

N

F
F

F

F

Me

R

SeO2, Ac2O

DME, 160 °CN

F
F

F
F R

OAc

DME, 160 °C

SeO2

N

F
F

F

F
R'

O

acetone-H2O
30-40 °C

KMnO4

N
H

F
F

F

F

O
HO

R=R'=Bn, Tos
R=Ac, Bz; R'=H

R=Ac, Bz
179 (50-60%) 178 180 (74-92%)

181 (90% for R'=H)   

    Reduction of the aldehyde  175  with lithium aluminum hydride [ 63 ] or zinc in 
hydrochloric acid [ 58c ] gave fl uorinated 3-methylindole  141  in good yield.

   

N
H

F
F

F

F

Me

or
LiAlH4, THF

Zn-HCl, EtOH

N
H

F
F

F

F

O

CH3NO2

NH4OAc
50 °C

175141 (59%)

N
H

F
F

F

F

NO2

182 (90 %)   
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    Fluorinated tryptamine  183  was prepared by Rh-catalyzed reduction of the 
corresponding nitrile  177  by hydrogen [ 58c ]. Alternatively, the compound  183  was 
synthesized by lithium aluminum hydride reduction of nitroalkene  182 , which was 
obtained by condensation of aldehyde  175  with nitromethane [ 54 ].

   

N
H

F
F

F

F

NO2

N
H

F
F

F

F

NH2

LiAlH4

N
H

F
F

F

F

CN

H2-Rh/Al2O3

EtOH-H2O

182 (92%) 183 177 (32%)

Et2O

  

    Through a similar reaction sequence, fl uorinated tryptophan  187  was synthe-
sized. Condensation of aldehyde  175  with  N -benzoyl glycine afforded oxazolone 
 184 , which was converted into unsaturated acid  185 . Reduction of  185  by hydrogen 
and subsequent acid-catalyzed hydrolysis gave fl uorinated tryptophan  187  in good 
total yield [ 54 ].

   

N

F

F

F

F

CO2H

NH

PhO

NaOAc

O

N

O
O

Ph

N
H

F

F

F

F

NHBz

O
O

H2-Pd/C

N
H

F

F

F

F

NHBz

OH
O

N
H

F
F

F

F

NH2

OH
O

HCl

1) MeOH
2) Et3N

175

184 (89%) 185 (91%)

187 (64%)186 (91%)   

    Fluorinated gramine analogue  188  was easily  N -alkylated by reaction with 
methyliodide [ 58c ] or dimethylsulfate [ 54 ,  63 ]. The tertiary amine salt  189  and the 
acetoxy derivative  179a  are suitable substrates for various nucleophilic substitu-
tions. For instance, treatment of  189  or  179a  with potassium cyanide or sodium 
cyanide afforded the corresponding nitrile  177  [ 54 ,  58c ] which was hydrolyzed 
into fl uorinated indolyl acetic acid  19 3 [ 54 ]. Reaction of acetoxy compound  179a  
with secondary amines led to gramine  188 . The corresponding tryptophan deriva-
tive  191  was obtained using the sodium salt of diethyl aminomalonate as a nucleo-
phile [ 58c ].
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N
H

F

F

F

F

NR2

MeI or Me2SO4

72-99% N
H

F
F

F
F

NHR2

X

CO2EtEtO2C

NHAc

Na

N
H

F
F

F

F

EtO2C
CO2Et

NHAc

DMF

KCN
DMF

N
H

F

F

F

F

CN

41%

60-96%

X=I, MeSO4

N

F

F

F

F

OAc

O

R2NH 97%

R= -(CH2)4-

NaCN
DMF
41%

N
H

F

F

F
F

CO2H

KOH
97%

188 189 191

179a 177 193

190

Me
  

    Trifl uoromethylindoles undergo similar transformations in comparison to their 
non-fl uorinated analogues as well. Thus, electrophilic substitution at the C-3 posi-
tion takes place when the C-2 position is occupied by the trifl uoromethyl group. The 
Mannich reaction provided dimethylaminomethyl derivatives in good yields under 
standard conditions [ 64 ].

   

N
HR N

H

R

R

NMe2

Me2NH, CH2O

60a R=H
194 R= -OCH2O-

195a,b (90%)

R

CF3CF3
AcOH

  

    Quaternization of the compounds  195b  with methyl iodide and subsequent reac-
tions with nucleophiles, e.g. potassium cyanide, thiophenol, and diethyl malonate, 
gave corresponding products  196 – 198  in 62–85 % yields [ 64 ].

   

N
H

NMe2

195b

CF3

O

O

1) MeI

2) KCN

2) PhSH

2) NaH

N
H

CN

196 (85%)

CF3

O

O

N
H

SPh

197 (81%)

CF3

O

O

N
H

CH(CO2Et)2

198 (62%)

CF3

O

OCH2(CO2Et)2
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    Reduction of the nitrile group of the compound  199  and subsequent reaction with 
acetic anhydride led to 2-trifl uoromethyltryptamine  200  [ 64 ]. For the reduction, 
Raney Ni was used, since hydrides, for example, lithium aluminium hydride, can 
reduce the trifl uoromethyl group as well.

   

N
H

CN

199 (74%)

CF3
1) Raney Ni

2) Ac2O N
H

200 (77%)

CF3

NHAc

N
H

NMe2

195a

CF3

1) MeI

2) KCN

  

    Hydrolysis of the nitrile  199  gave 2-trifl uoromethylindole-3-acetic acid  201  in 
moderate yield [ 60 ]. A partial reduction of the nitrile group in  199  provided indole-
3- acetaldehyde  202  in 51 % yield. The latter was used for the synthesis of the 
2- trifl uoromethylated analogue of oxypertine (an antipsychotic used in the treat-
ment of schizophrenia)  203  upon treatment with  N -phenylpiperazine and sodium 
cyanoborohydride [ 64 ].

   

HCl, AcOH
N
H

COOH

201 (49%)
CF3

N
H

CN

199

CF3
1) DIBAL

N
H

202 (51%)

CF32) 5% HCl

HN NPh

NaBH3CN N
H

203 (82%)

CF3

N

Ph
N

O

H

  

    2-Trifl uoromethyltryptophan methyl ester  205  was synthesized from nitro deriv-
ative  204  obtained via direct reaction of  195a  with methylnitroacetate. 
Chemoselective reduction of the nitro group was achieved by hydrogenation in the 
presence of Raney Ni in methanol [ 60 ].

   

N
H

NMe2

195a

CF3
N
H

204 (73%)

CF3
N
H

205 (71%)

CF3

CO2MeCO2Me

NO2
NO2CH2CO2Me

NH2

Raney Ni

H2

  

    N-Alkylation of indole  206  was achieved by treatment with NaH in DMF, fol-
lowed by reaction with chloroacetonitrile [ 65 ]. Subsequent catalytic reduction of 
 207  with hydrogen under Raney-Ni followed by reaction with ethylcarbonate led to 
compound  208 , which was investigated as melatonin receptor ligand.
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   (i) NaH, ClCH2CN, DMF, 16h; (ii) Re-Ni, H2, 4 atm; (iii) (EtCO)2O, THF, 50 °C, 6h.

H
N

CF3

MeO N
CF3

MeO
CN

N
CF3

MeO
i ii, iii

NHCOC2H5

206 207 (86 %) 208 (73%)

  

    Attanasi et al. investigated reactions of both 2-and 3-trifl uoromethylindole 
involving trifl uoromethyl group and leading to loss of fl uorine. Treatment of trifl uo-
romethylindoles with LiAlH 4  gave methylindoles  210  and  213 .

   

N
H

CF3

N
H

CF3

NaOC2H5

C2H5OH

LiAlH4

Et2O

NaBH4

C2H5OH

NaNH2

N
H

C(OC2H5)3
N
H

CO2C2H5

N
H

CH3

N
H

CO2C2H5

no reaction

N
H

CH3

N
H

CH3

N
H

CN

60a
209

210

211

212

213

213

214 61

11%

30%

22%

53%

42%

46%

15%
NH3

NaOC2H5

C2H5OH

LiAlH4

Et2O

NaBH4

C2H5OH

NaNH2

NH3

  

    Reaction of 2-trifluoromethylindole with sodium ethoxide led to  ortho -
ether  209 , while ethyl 3-indolylcarboxilate  212  was isolated in case 
3- trifl uoromethylindole. Reaction of 2-trifl uoromethylindole with NaBH 4  in ethanol 
led to ethyl 2-indolylcarboxilate  211 . In contrast, reduction of trifl uoromethyl group 
was observed to form 3-methylindole  213  in case of 3-isomer. Treatment of 
3- trifl uoromethylindol with sodium amide in liquid ammonia led to 3-cyanoindole 
 214 , whereas 2-trifl uoroindole did not reacted with sodium amide at all [ 46 ].  

6     Pharmacological Properties of Fluorinated Indoles 

 Fluorinated indoles posses a broad scope of physiological activity and they are very 
prominent candidates for further biological testing and using as drugs. In this part 
of the chapter pharmacological properties of fl uorinated indoles are collected 
(Table  1 ). One can see very broad spectrum of biological activity of such structures 
and synergism bringing both indole fragment and fl uorine in a molecule.
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   Table 1    Pharmacological properties of fl uorinated indoles   

  

N
R1

N
H

Het

O

R2 N R
O

N

R

N
N

R

S

N

N

N

CF3

R1=CF3, R2=H, Me
R2=CF3, R1=H, Me

R=H, Me, i-Pr,
CH2CF3, CH2OMe

R=CN, CF3, Ph

R=Me,
CH2CF3     

 Modulators of nicotinic acetylcholine α7 receptor and KCNQ potassium channel [ 31 ] 

  

N

O

N

O

Cl

CF3

OH

O

    

  
N
H

CF3

Cl

S

CO2H

    

 Prostaglandin D2 receptor modulators [ 66 ]  Autotoxin (ATX) inhibitors [ 67 ] 

  

N

N

N
N

O

NH

CF3

MeO2S

      

N
R

F3C

O N
N

O

O

N N

R=H, Me     

 Inhibitor of PI3Kδ [ 68 ]  Inhibitor of amyloid beta protein Aβ(1–42) 
production [ 69 ] 

  

H
N

HN

O

Cl NH

F3C

Cl

      

N
H

N
HF3C

NN

R

R=Et, CF3, Cl     
 Modulator of human prostaglandin EP 2  

receptor [ 70 ] 
 Modulator of nicotinic acetylcholine α7 

receptor [ 71 ] 

  

N

NY
Z

X

NH

F3C

X=Y=C, Z=N
X=Y=N, Z=C
X=C, Y=Z=N
X=Z=N, Y=C    

  

NH

O

O

N
H

HN

CF3

Me2N

    

 Modulator of α7 neuronal nicotinic receptors 
(NNRs) [ 72 ] 

 Inhibitor of Protein Kinase Cβ1 
(PKCβ1) [ 73 ] 

(continued)
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Table 1 (continued)

  

HN N
O

R1

CF3

R2R1=Cl, R2=H
R1=Cl, R2=CH2CF3

R1=Cl, R2=CH2CH(OH)CF3

R1=Cl, R2=CH2CF3

R1=CF3, R2=CH2CF2CF3       

N

OH

CF3

N
H

O

R1 R1=CO2H, R2=H
R1=CH2CO2H, R2=H
R1=CH2CO2H, R2=Me
R1=CH2CO2Et, R2=Me

R2

    

 Androgen receptor modulator [ 74 ]  Thyroid hormone receptors (TRα and TRβ) 
ligand [ 75 ] 

  

N

F3C
O

HO

OH

O

OR

R=CH2OH

N
N

C(O)NMe2

N N
      

N

R2

NC

CF3

N

ON

R1

R1=
O

N
3,5-diFC6H3
3-CF3C6H4
3,5-(CF3)2C6H3

R2=Cl,CF3

    

 Inhibitor of phosphatidylinositol-3 kinase α 
(PI3Kα) [ 76 ] 

 Androgen receptor (AR) agonist [ 77 ] 

  

N

N

S

N

N

CF3

O

NHO

    
  

N H
N

O

CF3

O

    

 Inhibitor of autophosphorylation receptor [ 78 ]  Melatonin receptor ligand [ 65 ] 

  

NHO

Cl
HN

F3C CO2Me

O O

N OH

Cl
NH

CF3MeO2C

linker

linker:

N N

    

 Antiproliferative, antineoplastic, antitumor activity [ 79 ] 

(continued)

Chemistry of Fluorinated Indoles



Table 1 (continued)

  

NHO

Cl
HN

F3C CO2Me

O

linker: CH2, CH2CH2, -O-, NHC(O)NH-, single bond

HN

N OH

Cl
NH

CF3MeO2C

ONH

linker

    

 Antitumor activity [ 80 ] 

  

NHO

Cl
HN

F3C CO2Me

O

N

N
H

R

O

Z

N

R

R=H, MeO

R

R

R

R=H, MeO

Z R

R

R=H, MeO

R

Z=O,NH Z=O, NH

R1

R1=H, N N
O

O

    

 Antitumor activity [ 79 c] 

  
N
H

N

N

F

Cl
CF3

O

O

CF3

      

N

SO
O

N
N
N

RF=F, CF3

SO2NMe2

RF

    

 Herbicide [ 81 ]  Agricultural and horticultural fungicide [ 82 ] 

  

R=Ph, Me, c-Pr   X=O
R1=R2=H; R1=H, R2=F
R3=H, F
*-rac, S or R

N
* X

N

N
H

N
H

N

N N

O
NH

O

O O
NH

O

O

F

R
R3

R2
R1

R1=R2=R3=R=H, X=CH2O
    

 Antiviral against hepatitis C virus [ 83 ] 

  

N

F

O

H
N

N

NOSCl
    

  

N
H

H
N

F

O

NH
O

N
S

N

N

O     
 Factor Xa inhibitor [ 4 ]  Inhibition of factor Xa, anticoagulant [ 84 ] 
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Table 1 (continued)

  

NH

F

R

N

O

N O

FR=H, F, OCF3     

  
N

S N
FO O

HN

H

H

    

 Inhibitors of dopamine D2L receptor, serotonin 
5-HT2A receptor, serotonin 5-HT6 receptor, 
adrenaline α1D receptor [ 85 ] 

 Human 5-HT6 receptor modulator [ 86 ] 

  
N
H

F

CO2Et

N

HN

O

NH

N
    

  

N

F

HO2C

N
O

N

CN

OCF3

    

 Inhibitor of matrix metalloprotease 13 (MMP13) 
[ 87 ] 

 Agonist of the sphingosine-1-phosphate S1P1 
receptor [ 88 ] 

  

N

FH
N

N

N

S

HN
O N

O

O
      

N

F

F

N
O N H

N

O HN R

R=CF3,

O
N

O

    

 Inhibitor of EGFR and ErbB-2 kinases 
antiproliferative, cytotoxic for foreskin 
fi broblast of human [ 89 ] 

 Bradykinin B1 receptor antagonist [ 90 ] 

  

N

F

F

O

N

NH
NO

R

R=Ph,
S

N

    
  

N

F

S
O

O

tBu

CF3RO2C

R=H, Me     

 Monoacylglycerol lipase inhibitors [ 91 ]  Activators of NURR-1/RXRα and NURR-1/
RXRγ heterodimers formation [ 92 ] 

(continued)
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7        Conclusions 

 Recent decades, fl uorinated indoles and their analogues have enjoyed remarkable 
attention of chemists. However, one can defi nitely conclude that synthesis of these 
compounds is still challenging and attractive task.     
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