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Azaindoles are common scaffolds in biologically active natural 
and synthetic compounds. 5-Azaindole derivatives containing an 
amino group at positions 4 or 6 can be used to treat oncological,1–5 
autoimmune,6,7 neurodegenerative,5 ulcer,8 parasitic9 diseases, 
fibrotic disorders,3 microbial infections,10 as well as for the 
prevention of diabetes5,11 and obesity.11 

The main approach to amino substituted 5-azaindoles consists 
in the cross-coupling reactions of halogenated 4-amino pyridines 
with terminal acetylenes11,12 or with (2-alkoxyvinyl)boronic 
acid ester5–7 using the Sonogashira or Suzuki method, 
respectively, followed by closure of the pyrrole cycle. 
Subsequently, azaindoles, usually containing bromine6 or 
chlorine11 atoms, are involved in aminodehalogenation reactions, 
however no examples of aminodefluorination reactions in 
5-azaindole derivatives have been found.

Fluorine is an important element in medicinal chemistry.13 
Its  introduction into bioactive organic substances affects their 
lipophilicity, metabolic stability and bioavailability of 
compounds, which together leads to a change in the therapeutic 
effect of the molecules.14–16 Previously, we have developed 
efficient strategies for the preparation of diverse potentially 
bioactive fluorinated azaheterocycles including indoles,17,18 
quinolines,19,20 quinolinones21–23 and phenanthridones.24 Herein, 
we describe synthetic approach to difluorinated 4- and 
6-piperidino-2-phenyl-5-azaindoles.

The starting 4-amino-2,3,6-trifluoropyridine 1 was obtained 
by the transformations of commercially available pentafluoro
pyridine (see Online Supplementary Materials, Scheme S1). 
Compound 1 was converted into 5-iodo derivative 2 by its 
treatment with I2/HIO3 system in aqueous dioxane in high yield 
(Scheme 1) by analogy with previously published work.25 The 
subsequent Sonogashira cross-coupling of 2 with phenylacetylene 
gave 2,3,6-trifluoro-5-(phenylethynyl)pyridin-4-amine 3.

Amino alkyne 3 smoothly cyclized in the presence of KOH in 
MeCN to form trifluoroazaindole 4 (Scheme 2). The reaction of 
4 with an excess of piperidine gave the product of fluorine 

Regioselectivity of SNAr reactions in the synthesis of isomeric 
difluorinated 4- and 6-piperidino-5-azaindoles

Larisa Yu. Gurskaya, Irina V. Beregovaya, Igor P. Chuikov, Boris A. Selivanov and Larisa V. Politanskaya* 

N. N. Vorozhtsov Novosibirsk Institute of Organic Chemistry, Siberian Branch of the Russian Academy  
of Sciences, 630090 Novosibirsk, Russian Federation. E-mail: plv@nioch.nsc.ru

DOI: 10.71267/mencom.7780

NF

F

F

F

F N F

F

NH2

F

Ph NF

F

N

HN

Ph

NN

F

F

HN

Ph

88%

92%

A:  KOH/MeCN/reflux

A

A

B:  piperidine/MeCN/reflux

B

B

For the targeted synthesis of fluorinated analogues of 
5-azaindoles used for the prevention and treatment of 
diabetes and obesity, the regioselectivity of fluorine 
replacement by piperidine residue in their precursors is 
explored. The reverse sequence of the SNAr reaction and 
cyclization steps enables the selective preparation of isomeric 
5-azaindoles containing substituents at positions 4 vs. 6, 
respectively. A quantum-chemical justification of the 
predominant positions of nucleophilic attack in polyfluoro
arenes is given.
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Scheme  1  Reagents and conditions: i, I2, HIO3, 1,4-dioxane, H2O, reflux, 
6 h; ii, PhCºCH, PdCl2(PPh3)2, CuI, NEt3, Ar, 75 °C, 2 h.

NF

F

NH2

F

Ph

NF

F

F

HN

Ph

NN

F

NH2

F

Ph

Ph

NF

F

N

N
H

H

H
H

H
H

NN

F

F

N

Ph

H

H

H H

H

H

3

i

88%

ii

92%

79% 88%

4

6

iii i

5

7

HOESY

HOESY

NOESY
1

37

1

3
7

2'

2'

6'

6'

4

6

Scheme  2  Reagents and conditions: i, KOH, MeCN, reflux, 2 h; 
ii, piperidine, MeCN, reflux, 22 h; iii, piperidine, MeCN, reflux, 2 h.
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substitution only at position 4, the target azaindole 5 in 92% 
yield. The reaction of amino alkyne 3 with an excess of piperidine 
prior to cyclization under the same conditions resulted in the 
selective substitution of fluorine atom para-positioned in respect 
to alkynyl group to afford product 6 (see Scheme 2). Its 
subsequent cyclization led to 6-(piperidin-1-yl)-2-phenyl-5-
azaindole 7 in 88% yield. Thus, by the reverse sequence of 
nucleophile substitution of fluorine atom and cyclization steps, 
isomeric heterocycles 5 and 7 containing an amine substituent at 
positions 4 and 6, respectively, can be selectively obtained from 
the same precursor 3. It is important that each of these 
heterocycles 5 and 7 contains two fluorine atoms in different 
positions of the pyridine fragment, which makes them promising 
objects for future biological tests.

The structures of compounds 2–7 were confirmed via the 
multinuclear NMR, IR spectroscopy and HRMS analysis. The 
assignment of signals in the NMR spectra was based on the 
analysis of chemical shifts and spin–spin interaction constants. 
The location of piperidine fragment at positions 4 and 6 of 
compounds 5 and 7 were additionally established on the basis of 
two-dimensional 1H–1H, 1H–13C, 19F–1H spectra (HOESY 
19F–1H and NOESY) (see Scheme 2). In case of compound 7, the 
presence of a cross peak for the 2- and 6-positioned protons of 
the piperidine moiety with C7F nucleus confirms the location of 
the piperidine fragment in position C6 and, accordingly, fluorine 

atoms in positions 4 and 7. In addition, the HOESY spectrum 
also shows a cross peak for C7F and N1H, which helps to identify 
the signal of this fluorine atom. In the HOESY spectrum of 
compound 5, signal for C7F has a cross peak only with signal 
N1H, but the cross peak is present in the NOESY spectrum for 
signals C3H and 2- and 6-positioned protons of the piperidine 
moiety.

The experimentally observed regioselectivity of the fluorine 
substitution by the action of piperidine on compounds 3 and 4 
can be interpreted on the basis of the calculated reaction 
pathways (Figure 1). In all cases, the concerted variant of SNAr 
reactions is realized, and the transition states (TSs) of the 
reactions are unstable analogues of the Meisenheimer 
complexes.26 Pre-reaction complexes (mini, i is the position 
under consideration) are weakly bound associates of a substrate 
molecule and a piperidine molecule. Post-reaction complexes 
are the product of nucleophilic substitution and an HF molecule, 
which are linked by a hydrogen bond. The images and calculated 
characteristics of the located structures are given in Online 
Supplementary Materials.

Apparently, preferential substitution of fluorine atom at para-
position to alkynyl group when compound 3 interacts with 
piperidine occurs due to the energetic stability of the 
corresponding pre-reaction complex and a lower energy barrier 
compared to the alternative channel [see Figure 1(a)]. In the case 
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Figure  1  Interactions of compounds 3 and 4 with piperidine. Energy profiles were obtained at the CAMB3LYP/6-31G* level of calculations. The energy 
levels shown by the solid lines correspond to SNAr reactions, those corresponding to the products isolated experimentally are shown in black. The red dotted 
lines correspond to the formation of hydrogen-bonded associates. The zero levels are the sums of energies of noninteracting molecular particles: (a) compound 
3 and a piperidine molecule (pip); (b) compound 4 and pip; (c) hydrogen bonded complex 4···pip and another piperidine molecule. The indices in the structure 
designations correspond to the position under consideration. Minx denotes an intermediate structure on the pathway of formation of a hydrogen bond N–H···N 
linking two piperidine molecules. We were unable to localize the transition states along this pathway.
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of compound 4, the same criteria are met by the substitution 
of  the fluorine atom at position 6 [Figure 1(b)], but the 
corresponding product 7 has not been detected. We believe that 
this is due to the instability of the pre-reaction complex min6 
with respect to the transition to the structure with N–H···N 
hydrogen bonding (4···pip) (Figure 2). This structure is 
~9 kcal mol–1 more stable than min6, and the activation barrier of 
the transition is only 0.8 kcal mol–1. The energy profile for the 
last process is shown in Figure 1(b) by dotted lines.

Since piperidine was used in excess (see Online 
Supplementary Materials), we also calculated the energy profiles 
[see Figure 1(c)] for the attack of piperidine on associate 4···pip. 
In this case, the pre-reaction complex min6 is also easily 
transformed into a structure with a hydrogen bond N–H···N. This 
bond links two piperidine molecules. The corresponding energy 
profile is shown by dotted lines. Thus, the presence of an NH 
group in the pyrrole ring of the substrate 4 capable of forming a 
hydrogen bond with a nucleophile, determines the advantage of 
substitution of the fluorine atom at position 4 (product 5).

In conclusion, two isomeric mono-amino derivatives of 
5-azaindole containing fluorine atoms in the pyridine fragment 
were selectively obtained by directed transformation of 
pentafluoropyridine. The reverse sequence of the reaction steps 
of diarylacetylene 3 with KOH and piperidine led to the 
5-azaindoles 5 and 7 with different substitution pattern. The 
regioselectivity of fluorine substitution in polyfluoroarenes 3 
and 4 was interpreted using quantum-chemically calculated 
potential energy surface profiles. The obtained 5-azaindole 
derivatives are promising objects of biological research.
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Figure  2  Strustures of (a) pre-reaction complex min6 for 4, (b) hydrogen 
bonded associate 4···pip. C–H bonds are shown only in pyrrole rings.
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