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In the course of the synthesis of new fluorophores for molecu-
lar recognition an experimental (1H NMR) and theoretical
(DFT) study of the ring-chain isomerism of 3-(pyridin-2-yl)-
[1,2,3]triazolo[1,5-a]quinoline derivatives (A) into 2-([1,2,3]-
triazolo[1,5-a]pyridin-3-yl)quinoline derivatives (B) has been

Introduction

The chemistry of [1,2,3]triazolo[1,5-a]pyridines[1] in-
cludes the existence of ring-chain isomerism between the
closed form of the triazole ring and the open form of the
diazo compound.[2–4] Previously, some of us determined the
mechanism of this ring-chain isomerism, both experimental
and theoretically, in the case of substituted 3-(pyridin-2-
yl)[1,2,3]triazolo[1,5-a]pyridines (1),[3] which indicated the
existence of two different compounds: either 1A or 1B as
depicted in Scheme 1.

Scheme 1. Triazole ring-chain isomerisation.
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carried out. The rearrangement is influenced by steric and
electronic effects of the substituents present on the quinoline
ring.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

This equilibrium can be efficiently used for the prepara-
tion of 2,6-disubstituted pyridines[5,6] or of indolizines and
imidazopyridines.[7] It is worth mentioning that such ring-
chain isomerism is an important property of many hetero-
cyclic systems.[8–10]

The ring-chain-ring isomerisation between structures A
and B was found to be essentially dependent on the elec-
tronic properties of the R substituent. In general, A-type
compounds are obtained with electron-donating substitu-
ents, whereas B-type compounds are formed with electron-
withdrawing groups. Moreover, we have also shown how this
isomerisation can be controlled by the presence of different
phosphorus substituents (R = PX2) bound to the triazolo-
pyridine ring,[11] providing mixtures of A- and B-type struc-
tures in different proportions depending on the accepting/
donating characters of the substituents on phosphorus (X).

We have quite recently reported on the fluorescence
properties of compounds 1.[12] We obtained good yields of
various fluorescent tridentate ligands[13–15] that proved ef-
ficient in the detection of anions and cations.[16] From these
results, we came to believe that it might be possible to de-
velop new ligands with different electron densities as fluo-
rescence sensors through the employment of the 3-(pyridin-
2-yl)[1,2,3]triazolo[1,5-a]quinoline moiety, a benzo deriva-
tive of 3-(pyridin-2-yl)triazolopyridine, as fluorophore. So
far, only some aspects of the synthesis and reactivity of
[1,2,3]triazolo[1,5-a]quinolines have been reported by us
and others.[17–20] Although 3-(pyridin-2-yl)[1,2,3]triazolo-
[1,5-a]quinoline was a unknown compound, we believed
that it should show an isomerisation equilibrium similar to
that observed for triazolopyridine 1 (Scheme 2).

The ring-chain equilibrium should be governed by the
substitution pattern on the condensed heterocyclic ring,
similarly to what has been described in our work on tri-
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Scheme 2. Possible isomerisation of the triazoloquinoline–pyridine
system.

azolopyridines.[3] To confirm this hypothesis, we synthe-
sized a series of previously unknown triazoloquinolines (2–
13, Scheme 5, below) in order to study the influence of dif-
ferent substituents on the ring-chain isomerisation and the
relative position of the equilibrium. In parallel, theoretical
calculations at the DFT/B3LYP/6–31G** level were per-
formed to provide a better understanding of the isomeri-
sation process and the different structures.

Results and Discussion

1) Synthesis and Properties of Triazoloquinoline–Pyridine/
Quinoline-Triazolopyridine Derivatives

The new triazoloquinoline–pyridine 2 was synthesized by
a method similar to that described for the synthesis of the
triazolopyridine–pyridine 1 (R = H).[21] (Pyridin-2-yl)(quin-
olin-2-yl)methanone was treated with hydrazine/methanol,
and subsequent oxidation with MnO2/chloroform afforded
compound 2 in excellent yield (Scheme 3).

Typical 1H NMR spectra of [1,2,3]triazolo[1,5-a]pyr-
idines show characteristic coupling constants for the hydro-
gen at C7, adjacent to the nitrogen bridge of the triazolo-
pyridine ring (doublet near 8.7 ppm, JH6,H7

= 6.9–7.1 Hz).[3]

Figure 2. 1H NMR of 2A (below) and the corresponding deuterated compound 3A (above). 9H: δ = 8.86 ppm.
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Scheme 3. Synthesis of triazoloquinoline–pyridine 2.

This hydrogen can be clearly differentiated from a pyridine
system hydrogen (broad doublet near 8.6 ppm, JH2,H3

= 4.7–
5.1 Hz), as depicted in Figure 1. The triazoloquinoline
structure also has a characteristic coupling constant, of
JH8,H9

= 8 Hz.[17] By these criteria, NMR analysis of the
new compound 2 allowed us to assign the pattern of signals
to a pyridine–triazoloquinoline system (Scheme 2, structure
A), without any traces of other secondary product.

Figure 1. Typical 1H NMR coupling constants.

The deuteration of 3-(pyridin-2-yl)[1,2,3]triazolo[1,5-a]-
quinoline (2A), performed by deprotonation with butyllith-
ium in THF at –78 °C and subsequent trapping of the lithio
derivative with [D4]methanol, also led exclusively to the iso-
mer 3A (Figure 2).

In contrast, when the same lithio derivative was
quenched with iodine (Scheme 4), a 1H NMR spectrum
completely different from that of the deuterated analogue
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3A was obtained. The coupling constants indicated the ex-
clusive presence of a quinoline–triazolopyridine system
(Scheme 2, structure B). The structure of the new iodo de-
rivative 4B was confirmed by X-ray analysis of the com-
pound (Figure 3).[22] The reversibility of this process was
established by treatment of the iodinated compound 4B
with butyllithium in THF at –78 °C and trapping of the
organometallic intermediate with methanol, which led ex-
clusively to compound 2A in 80% yield (Scheme 4).

Scheme 4. Synthesis of triazoloquinoline 3A and triazolopyridine
4B.

In view of these results, we decided to prepare a series
of new derivatives by metallation of 2 and treatment with
different electrophiles (Scheme 5) in order to study the ef-
fects of the substitution. The lithiated intermediate was first
quenched with iodomethane to afford the methyl derivative
5 (77%). Trapping with NFSI (N-fluorodibenzenesulfon-

Scheme 5. Various triazoloquinoline derivatives obtained and their dependence on the nature of the substituent at C9. Ratios determined
by 1H NMR in CDCl3.
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Figure 3. X-ray structure of 4B (ORTEP plot).

imide) gave the fluorinated compound 6 in a yield of 50 %.
Fluorodimethoxyborane–diethyl ether as electrophile af-
forded alcohol 7 after addition of alkaline hydrogen perox-
ide, whereas borane 8 was obtained in good yield (79%)
after quenching with 2-isopropoxy-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane. The methoxy derivative 9 was synthe-
sized by methylation of alcohol 7 with methyl iodide in po-
tassium carbonate (87%). The brominated compound 10
was obtained after trapping with 1,2-dibromo-1,1,2,2-tetra-
fluoroethane (73 %) and the chlorinated quinoline 11 (62%)
through the use of 1,2,2-trichloro-trifluoroethane. Carbinol
12 was obtained by quenching of the lithium intermediate
with acetone (50%), and the alcohol 7 was also converted
into the isopropyloxy derivative 13 by use of excess 2-bro-
mopropane (80 %). Unfortunately, all attempts to obtain a
silylated derivative by trapping with different chlorotrialkyl-
silanes were unsuccessful, probably due to steric hindrance
at the C9 position.

As can be seen in Scheme 5, the structure of the final
products, A or B, depend on the electronic and steric prop-
erties of the substituents. Moreover, some of the synthesized
derivatives 5, 6, 9 and 13 were obtained as mixtures of both
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Table 1. 1H NMR spectroscopic data for compounds of type A.

Product H4 H5 H6 H7 H8 H9 H3� H4� H5� H6� Other

2A 8.53 d 7.6–7.5 m 7.9–7.8 m 7.6–7.5 m 7.9–7.8 m 8.86 d 8.42 d 7.9–7.8 m 7.24 dd 8.70 brd
J1 = 9.3 J1 = 8.4 J1 = 8.0 J1 = 7.4 J1 = 4.9

J2 = 4.9
5A 8.61 d 7.62 d 7.6–7.4 m 7.6–7.4 m 7.6–7.4 m CH3 8.41 ddd 7.82 ddd 7.24 ddd 8.7 brd 3.26 s CH3

A/B 52:48 J1 = 9.3 J1 = 9.3 J1 = 8.0 J1 = 8.0 J1 = 7.6 J1 = 4.8
J2 = 1.0 J2 = 7.8 J2 = 4.8 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

7.81
6A 8.63 d 7.7–7.4 m 7.7–7.4 m 7.7–7.4 m 7.7–7.4 m F 8.42 brd 7.25 ddd 8.68 d

app. td
A/B 17:83 J1 = 9.4 J1 = 8.0 J1 = 7.9 J1 = 7.7 J1 = 4.8

J2 = 7.8 J2 = 4.8
J3 = 1.8 J3 = 1.1

7A 8.56 d 7.70 d 7.4–7.3 m 7.52 app. t 7.4–7.3 m OH 8.38 d 7.86 apptd 7.30 ddd 8.73 brd 10.71 s OH
J1 = 9.4 J1 = 9.4 J1 = 7.9 J1 = 8.0 J1 = 7.8 J1 = 7.5 J1 = 4.8

J2 = 7.8 J2 = 4.8
J3 = 1.1 J3 = 1.1

8A 8.52 d 7.53 d 7.87 dd 7.6–7.5 m 7.6–7.5 m B(OR)2 8.38 ddd 7.6–7.5 m 7.23 ddd 8.70 ddd 1.58 s 4�CH3

J1 = 9.3 J1 = 9.3 J1 = 7.9 pinacol J1 = 8.0 J1 = 7.5 J1 = 4.9
J2 = 1.3 borane J2 = 1.0 J2 = 4.9 J2 = 1.7

J3 = 1.0 J3 = 1.0 J3 = 1.0
9A 8.55 d 7.6–7.4 m 7.30 dd 7.6–7.4 m 7.6–7.4 m OCH3 8.34 7.6–7.4 m 7.3–72 m 8.60 m 4.18 s OCH3

A/B 8:92 J1 = 9.3 J1 = 7.9 J1 = 7.9
J2 = 1.3

13A 8.63 d 7.51 d 7.4–7.3 m 7.43 app. t 7.4–7.3 m OiPr 8.44 ddd 7.73 ddd 7.15 ddd 8.69 d 4.74 sp A OiPr
A/B 15:85 J1 = 9.3 J1 = 9.3 J1 = 7.8 J1 = 7.9 J1 = 7.9 J1 = 7.6 J1 = 4.9 J1 = 6.1

J2 = 0.9 J2 = 7.8 J2 = 4.9 J2 = 1.7 1.58 d (A + B) OiPr
J3 = 0.9 J3 = 1.8 J3 = 1.0 J3 = 0.9 J1 = 6.1

isomers with different ratios of distribution (see Tables 1
and 2). These results corroborate the existence of the iso-
meric equilibrium.

Tables 1 and 2 show the 1H NMR spectroscopic data for
all synthesized derivatives. The δ and J values for the most
characteristic signals confirm that compounds A each con-
stitute a triazoloquinoline–pyridine system, whereas com-
pounds B each represent a quinoline–triazolopyridine
structure.

A-Type Structures

As outlined in Figure 2, the unsubstituted derivative 2A
(R = H) shows four characteristic signals between δ = 8 and
9 ppm corresponding to the hydrogen atoms closest to the
ring nitrogen (see indications for protons printed in grey in
Figures 4 and 5). For all molecules belonging to the A
series, the pyridine ring system could readily be charac-
terized as reported in Table 1. All compounds of this series

Figure 4. Proton assignment for A- (left) and B-type (right) iso-
mers.
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show similarities in the coupling constants and chemical
shifts for the signals of H4A (8.5–8.6 ppm, J = 9.3–9.4 Hz)
and H5A (7.5–7.6 ppm, J = 9.3–9.4 Hz), as well as for the
pyridine hydrogen atoms H3�A and H6�A (columns 3� and
6� in Table 1).

B-Type Structures

The same analysis as applied to the A series revealed sim-
ilar 1H NMR patterns for the quinoline proton H3�B (8.5–
8.6 ppm, J1 = 8.6–8.7). For all B systems studied the signals
corresponding to the triazolopyridine ring could readily be
characterized (H7B, H6B, H5B and H4B), with H4B being
the most strongly down-shifted signal in all cases (proton
indications printed in bold black, Figures 4 and 5, and
Table 2). The chemical shift of the H4B proton proved to
be very sensitive to the nature of the substituent R. This
phenomenon can be associated with the geometry of the
B structure, in which the two heterocyclic ring systems are
oriented with the nitrogen atoms opposite to each other in
order to avoid unfavourable repulsion between the nitrogen
lone pairs. In this orientation, H4B points toward the lone
pair of the quinoline ring nitrogen, and is close to the sub-
stituent R, so the proximity of H4B and R could explain
the subtle influence of R on the shielding of H4B. This hy-
pothesis was supported by analysis of the different haloge-
nated derivatives. As can be seen in Table 2, there is a
marked decrease in the chemical shift of H4B with decreas-
ing halogen size: 9.43 ppm for the iodo compound 4B,
9.29 ppm for the bromo derivative 10B and 9.12 and 9.03 for
the chloro- and fluoroquinolines 11B and 6B, respectively.
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Table 2. 1H NMR spectroscopic data for compounds of type B, where isolated.

Product H3� H4� H5� H6� H7� H8� H4 H5 H6 H7 Other

4B 8.55 d 8.16 d 7.80 dd 7.22 app. t 8.31 dd I 9.43 td 7.53 ddd 7.12 app. td 8.80 td
J1 = 8.6 J1 = 8.6 J1 = 8.0 J1 = 7.7 J1 = 7.4 J1 = 8.9 J1 = 8.9 J1 = 6.9 J1 = 6.9

J2 = 1.2 J2 = 1.2 J2 = 1.0 J2 = 6.7 J2 = 6.9 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

5B 8.50 d 8.23 d 7.6–7.4 m 7.6–7.4 m 7.6–7.4 m CH3 8.98 ddd 7.48 ddd 7.12 app. td 8.83 ddd 2.93 s CH3

A/B 52:48 J1 = 8.6 J1 = 8.6 J1 = 8.9 J1 = 8.9 J1 = 6.9 J1 = 7.0
J2 = 1.0 J2 = 6.7 J2 = 6.9 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

6B 8.56 d 8.24 dd 7.6–7.4 m 7.6–7.4 m 7.6–7.4 m F 9.03 td 7.6–7.4 m 7.1 ddd 8.79 ddd
A/B 17:83 J1 = 8.7 J1 = 8.7 J1 = 8.9 J1 = 6.9 J1 = 7.0

J2 = 1.2 J2 = 1.0 J2 = 6.8 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0

9B 8.52 d 8.21 d 7.07 d 7.5–7.4 m 7,5–7.4 m OCH3 9.03 td 7.48 m 7.10 app. td 8.79 ddd 4.14 s OCH3

A/B 8:92 J1 = 8.6 J1 = 8.6 J1 = 6,8 J1 = 8.9 J1 = 8.9 J1 = 6.9 J1 = 7.0
J2 = 1.0 J2 = 6.7 J2 = 6.9 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

10B 8.57 d 8.24 d 8.05 dd 7.36 app. t 7.79 dd Br 9.29 td 7.54 ddd 7.13 ddd 8.81 ddd
J1 = 8.6 J1 = 8.6 J1 = 7.5 J1 = 7.8 J1 = 8.0 J1 = 8.9 J1 = 8.9 J1 = 6.9 J1 = 7.0

J2 = 1.2 J2 = 1.2 J2 = 1.0 J2 = 6.7 J2 = 6.8 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

11B 8.58 d 8.26 d 7.84 dd 7.43 app. t 7.75 dd Cl 9.21 td 7.54 ddd 7.13 ddd 8.81 ddd
J1 = 8.6 J1 = 8.6 J1 = 7.5 J1 = 7.8 J1 = 8.1 J1 = 8.9 J1 = 8.9 J1 = 6.9 J1 = 7.0

J2 = 1.2 J2 = 1.2 J2 = 1.0 J2 = 6.7 J2 = 6.8 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

12B 8.62 d 8.33 d 7.70 dd 7.5–7.4 m 7.75 dd C(OH)(CH3) 8.80 ddd 7.56 ddd 7.12 ddd 8.83 ddd 8.35 s OH
J1 = 8.7 J1 = 8.7 J1 = 7.4 J1 = 8.0 J1 = 9.0 J1 = 9.0 J1 = 6.9 J1 = 7.0 1.90 2 CH3

J2 = 1.3 J2 = 1.3 J2 = 1.0 J2 = 6.7 J2 = 6.8 J2 = 1.0
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0

13B 8.50 d 8.21 d 7.1–7.0 m 7.5–7.4 m 7.5–7.4 m OiPr 9.20 td 7.46 m 7.09 app. td 8.80 ddd 4.90 sp B OiPr
A/B 15:85 J1 = 8.6 J1 = 8.6 J1 = 8.9 J1 = 8.9 J1 = 6.9 J1 = 7.1 J1 = 6.0

J2 = 1.0 J2 = 6.7 J2 = 6.9 J2 = 1.0 1.59 d (A + B) OiPr
J3 = 1.0 J3 = 1.0 J3 = 1.0 J3 = 1.0 J1 = 6.1

Figure 5. Aromatic regions of the 1H NMR spectra of a representative structure A (8A, top) and a representative structure B (4B, bottom).

The experimental results so far showed the following
characteristics:

1. As would be expected, electron-donating substituents
favour structures of type A, whereas electron-accepting
groups favour B-type structures. This observation is consis-
tent with the case of the triazolopyridine–pyridine ring sys-
tem 1.
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2. The 1H NMR chemical shifts of H4A, H6�A, H3�A,
H3�B, H4B and H7B, in chloroform, indicate that all sys-
tems feature anti orientations of the two heterocyclic sub-
units in order to avoid repulsive forces, as was confirmed
by X-ray structural analysis (Figure 5).

3. If one considers only the electronic properties of sub-
stituents, the methyl derivative 5 should exist essentially as
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the donor structure 5A. The analogous 3-(pyridin-2-
yl)[1,2,3]triazolo[1,5-a]pyridine system, for example, shows
a 1A/1B ratio of 75:25 in favour of the donor structure.[3]

In contrast, the isomeric ratio found for the methyl deriva-
tive 5A/5B (52:48) indicates that in the triazoloquinoline–
pyridine ring systems steric effects must play an important
role influencing the isomeric distribution (A/B). The struc-
ture B is sterically more favourable than the initial structure
A.

4. We also studied the 5A/5B equilibrium as a function
of temperature and solvent. The initial ratio was not modi-
fied when the mixture was heated up to 65 °C (A/B 52:48).
However, when the polarity of the solvent was changed
([D6]acetone vs. [D1]chloroform), an inversion of the iso-
meric distribution (A/B 41:59) was observed. The differ-
ences in the dipole moments of the two structures (5A and
5B) as theoretically calculated are undoubtedly responsible
for this behaviour.

2) Computational Studies

Two aspects of the structural behaviour of 3-(pyridin-2-
yl)[1,2,3]triazolo[1,5-a]quinolines were studied computa-
tionally: the energetic profile of the isomerisation process

Figure 6. Stationary points (minima and TSs) of the isomerisation reaction for compound 2 (R = H).
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for the unsubstituted derivative, and the isomer ratios of the
A/B forms as a function of the substituents.

a) Reaction Profile (2, R = H)

Figure 6 shows the stationary points (minima and TSs)
of the isomerisation reaction. The picture reveals an intri-
cate process with several possible alternative pathways com-
bining opening and rotational steps. We found eight local
minima, four closed-ring (M1–4) and four open-chain (M5–
8) isomers, and the subsequent transition states (TSXY).
For the studied derivative (2, R = H), the global minimum
corresponds to M1, the closed triazoloquinoline–pyridine
isomer (2A), which is 14.9 kJ mol–1 more stable than M3,
corresponding to the quinoline–triazolopyridine system
(2B). The M2 and M4 minima are the rotational isomers of
M1 and M3, respectively, and are of lower stability, due to
the repulsive effects explained in the next section. The open-
chain minima M5–8 show higher relative energy values.

Because of the complexity of the sequence, it is not easy
to establish a single well-defined pathway to explain the
equilibrium between the absolute minimum of each series
(M1 and M3). We therefore offer an explanation of the
most likely situation by considering the route featuring the
transition states with lower energy values. According to this
criterion, we can see from the energetic diagram (Figure 7,
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pathway printed solid black) that the most favourable path-
way from M1 to M3 proceeds by way of an initial opening
step of M1 through a planar TS15 transition state, giving
the M5 intermediate, two consecutive rotational steps of the
two heterocyclic rings over the diazo group (giving the M6
and M8 intermediates, respectively) and a final ring-closure
step of M8 to form the closed isomer M3. From M5 to M8
there is a second slightly less favourable pathway through
the intermediate M7 (Figure 7, pathway printed dashed
black). Other possible sequences starting with a rotation of
the ring from M1 to M2 pass through a second opening
step with the significantly higher-energy-barrier transition
state TS26 (Figure 7, pathway printed in grey).

Figure 7. Energy diagram for the isomerisation reaction for com-
pound 2 (R = H).

b) A/B Ratio (Computational Aspects)

In order to evaluate the effects of the substituents on the
A/B ratio, different R groups, some of them corresponding
to those obtained experimentally, were chosen for study.
For all substituents the four closed isomers shown in Fig-
ure 8 were calculated.

Except in the case of R = Li, A and B are more stable
than the corresponding rotamers A� and B�. Their geome-
tries are more favourable because the repulsive effects be-
tween the nitrogen lone pairs and the proximal hydrogen
atoms are avoided. In addition, these structures allow extra

Figure 9. Molecular depiction of the electron density analysis of the structures 2A (left) and 2B (right). Bond and ring critical points are
indicated and the lines connecting the atoms show the bond paths.
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Figure 8. Structures of the isomers studied theoretically.

stabilization (Figure 9) arising from intramolecular hydro-
gen bonding (IMHB) either between H4A and the pyridine
nitrogen (structure A) or between H4B and the quinoline
nitrogen (structure B). These factors similarly explain the
geometrical preference between the two heterocyclic ring
systems. In general, the A and B structures adopt planar
anti orientations, whereas the A� and B� structures should
adopt torsional arrangements.

For certain cases [R = OH, CHO, OCH3, NH2,
N(CH3)2] we evaluated a large number of structures with
regard to the relative orientation of the substituent, because
it could have an important influence on the final stability
of the molecule, due to the possibility of creating attractive
interactions by hydrogen bonding or repulsive ones between
neighbouring atoms (Figure 10).

Table 3 shows the relative energies of the most stable con-
figurations for each substituent considered. Negative values
indicate that, for a given compound, the isomer A is
favoured with respect to form B and the reverse applies for
positive values. We can observe that the predictions de-
duced from the theoretical calculations are consistent with
the experimental results.



F. Blanco, R. Ballesteros, F. R. Leroux, B. Abarca, F. Colobert et al.FULL PAPER

Figure 10. Structures studied as a function of the substituent orien-
tation.

Table 3. Calculated A/B ratios for the derivatives (kJmol–1). The
synthesized compounds are indicated with their corresponding nu-
meration.

R ∆E Theoretical Experimentally
determined
A/B ratio

Li –66.11 A –
BH2 –60.58 A –

7 OH –19.87 A � 99:1
8 B(OH)2 –16.25 A � 99:1
2 H –15.56 A � 99:1

NH2 –15.54 A –
SiH3 –9.66 A –
Si(CH3)3 –6.34 A –

5 CH3 –4.68 A/B mixture 52:48
CHO 2.84 A/B mixture –

6 F 3.70 A/B mixture 17:83
13 OCH(CH3)2 3.78 A/B mixture 15:85
9 OCH3 5.02 A/B mixture 8:92

NMe2 7.06 B –
12 C(OH)(CH3)2 14.90 B � 1:99
11 Cl 16.98 B � 1:99

CN 17.96 B –
4 I 19.95 B � 1:99

C(CH3)3 20.61 B –
10 Br 21.28 B � 1:99

NO2 21.84 B –
CF3 22.08 B –

General Trends

The electronic properties of the substituents play an es-
sential role in the equilibria. The general trend is that elec-
tron-donating substituents stabilize the isomers of type A
[R = Li (carbanion), BH2, B(OH)2, H, SiH3, Si(CH3)3],
whereas electron-accepting substituents stabilize the iso-
mers of type B (R = CF3, NO2, Br, I, CN, Cl, NMe2,
OCH3). This observation is consistent with the experimen-
tal results obtained in this work for the derivatives R =
B(OH)2, H, Cl, Br, I and is analogous with the isomeri-
sation equilibria of 3-(pyridin-2-yl)[1,2,3]triazolo[1,5-a]pyr-
idines.
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In those cases in which the calculated energy difference
between the two isomers was lower than 5 kJ mol–1 [CH3,
CHO, F, OCH(CH3)2 and OCH3], the experimental results
show mixtures of the two isomers. Furthermore, the experi-
mental ratios were consistent with the sign of the value for
the calculated energies. The energetic ratio calculated for
the methyl derivative 5 (R = CH3) is very low if we only
take electronic criteria into consideration. Moreover, the
parent compound 2 (R = H) clearly favours form A. This
fact could be explained in terms of the influence of steric
effects as outlined above.

The structures bearing halogen atoms follow the general
criterion that structure type B is more favourable, due to
their electronegativity. However, their stabilities (Br � I �
Cl �� F) do not directly correlate with the electronegative
characters of the halogens (F � Cl � Br � I). The A/B
ratios are considerably more in favour of the B isomers in
the cases of the bromo and iodo derivatives than in that of
the fluorinated one. The formation of intramolecular hydro-
gen bonds together with possible steric factors might ex-
plain this order of stability. As shown in the graphical AIM
analysis (Figure 11), in the cases of bromine and iodine, as
a result of the geometries of the molecules and the elec-
tronic properties of the halogens, we can in each case ob-
serve an interaction between the halogen and the neigh-
bouring hydrogen atom, creating a bifurcated hydrogen
bond.[23] In the cases of chlorine and fluorine, this interac-
tion is less pronounced, and insufficient to reflect a bond
critical point (bcp) in the AIM analysis (Figure 11).

Figure 11. Molecular depiction of the electron density analysis of
the halogenated derivatives. IMHB interaction between the halogen
and H4B (4B and 10B).

These IMHB interactions between the halogens and the
proton H4B are reflected in the 1H NMR spectra. Figure 12
shows how the signal corresponding to H4B is shifted sig-
nificantly downfield from the fluoro derivative 6B to the
chloro (11B), bromo (10B) and iodo (4B) analogues. It is
known that the interaction through the hydrogen bond pro-
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duces a deshielding of the hydrogen involved.[24] As can be
seen from Figure 12, for the series of halogenated com-
pounds there is increasing deshielding of the H4B signal
from fluorine to iodine, which could be due to increasing
strength of the IMHB.

Figure 12. Comparison of the 1H NMR spectra of the halogenated
derivatives. From top to bottom: iodide 4B, bromide 10B, chloride
11B and fluoride 6B. The most strongly downfield-shifted signal
corresponds to H4B.

Exceptions

The hydroxy derivative 7 shows a clear preference for the
A-type structure, although because of the electronegativity
of oxygen one might expect a preference for structure B. In
fact, for this compound the relative orientation of the hy-
droxy substituent plays a crucial role. Structure AII in Fig-
ure 9 was found to be more stable than any of the B forms,
because of the potential for IMHB between the OH group
and the nitrogen atom N2 in the triazole ring. In contrast,
the methoxy derivative 9, with electronic characteristics
similar to those of OH, but without the possibility of hydro-
gen bonding, favours the B-type isomer.

The computation studies predict a similar situation in the
cases of R = NH2 and R = N(CH3)2. The AIM analysis
illustrates the presence of IMHB for these derivatives (Fig-
ure 13).

Figure 13. Molecular depiction of the electron density analysis of
the AII isomers for R = OH (right) and NH2 (left).

In the case of the carbinol 12 [R = CHOH(CH3)2, mod-
erately electron-attracting], the only isomer obtained is iso-
mer B, which is consistent with the computational studies.
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The AIM representation shows that isomer B experiences
stabilizing interactions between the OH of the substituent,
the nitrogen of the quinoline ring and the nearest H atoms
of the adjacent heterocycles (Figure 14).

Figure 14. Molecular depiction of the electron density analysis of
isomers 12A (left) and 12B (right).

According to the computational studies, the tert-butyl-
substituted derivative shows a clear preference for the form
B, for steric reasons, although form A should be more
favourable because of its electron-donating properties (+I).

3) Triazolopyridine–Quinoline versus Triazoloquinoline–
Pyridine

If we now compare the different triazolopyridine struc-
tures, we note that it is possible to modify the isomeric ra-
tios of triazolopyridine–pyridines by introduction of a sub-
stituent into the 7-position (Scheme 6, first row), with the
rearrangement leading to 2,6-disubstituted pyridines. Tria-
zoloquinoline–pyridines undergo a similar rearrangement
after introduction of substituents at the 9-position
(Scheme 6, second row), analogously affording 2,8-disubsti-
tuted quinolines.[2,3] So far, however, we had not been able
to modify the substitution pattern of the pyridine ring in a
triazoloquinoline–pyridine in order to study which ring sys-
tem governs the ring-chain isomerisation (Scheme 6, third
row).

We therefore decided to prepare the derivatives 15 and
16 (Scheme 7), with C6�-brominated or C6�-methylated pyr-
idine components in the triazoloquinoline–pyridine struc-
ture. The introduction of substituents onto triazoloquin-
oline 2A by means of regioselective metallation at the C9-
position and subsequent trapping with various electrophiles
has been described.[20] Here, a new synthetic strategy was
required. 2,6-Dibromopyridine was converted into ketone
14 in 70% yield after trapping of the monolithiated inter-
mediate with methyl quinoline-2-carboxylate. Hydrazone
formation and subsequent oxidation with MnO2

[21] af-
forded the bromo derivative 15. Halogen/metal exchange
and trapping with iodomethane gave the methylated deriva-
tive 16 in 50 % yield (Scheme 7). Both 3-(6-bromopyridin-
2-yl)[1,2,3]triazolo[1,5-a]quinoline (15) and 3-(6-methylpyr-
idin-2-yl)[1,2,3]triazolo[1,5-a]quinoline (16) were exclusively
obtained as form A.

These results can be interpreted in two ways: either in
terms of the effect of the triazoloquinoline ring or in terms
of the effect of the triazolopyridine ring.
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Scheme 6. Triazoloquinolines versus triazolopyridines.

Scheme 7. Synthesis of the pyridyl-substituted compounds 15 and
16.

The brominated derivative 15A was obtained in the form
that would be expected from both interpretations (i.e., the
pyridine ring being the more electron-deficient heterocyclic
subunit).

In contrast, the methylated derivative 16 gave a quite
interesting result. If the triazoloquinoline–pyridine system
is considered (Scheme 6, third row, structure A), the intro-
duction of the methyl group on the pyridine ring should
not have a significant influence on the equilibrium. In fact,
according to the computational studies, the unsubstituted
triazoloquinoline–pyridine structure 2 as form A is more
stable than as form B (Table 3). If, however, we consider
the quinoline–triazolopyridine system (Scheme 6, third row,
structure B), the substitution of the triazolopyridine ring
with an electron-donating methyl group should lead to the
preferential form B, with the more electron-rich triazolo-
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pyridine subunit. Surprisingly, the only isomer obtained
was 16A, without any trace of 16B. This experimental result
indicates that: a) the contribution of the quinoline is more
important than that of the pyridine component in the over-
all electronic situation of triazoloquinoline–pyridines, and
b) stabilization of the A isomer, with a system of three con-
densed rings (triazoloquinoline), is stronger than the elec-
tron-donor effect of the methyl group in the triazolopyr-
idine ring system of structure B (Figure 15). Calculations
for compound 15 and 16 were consistent with the experi-
mental results, showing higher stabilization of the A isomer
in the two studied cases, though with significant differences
of 41.90 and 9.27 kJmol–1, respectively.

Figure 15. Relative energies of the two isomers of 15 and 16.

Conclusions

A theoretical and experimental study of ring-chain iso-
merisation in new triazoloquinoline–pyridine systems has
allowed us to explain the observed equilibrium ratios of the
two possible ring-chain isomers A and B in terms of several
effects of the substituents (hydrogen bonding, steric and
electronic effects).

Experimental Section
General Methods: Starting materials, if commercially available, were
purchased and used as such, provided that suitable checks (melting
ranges, refractive indices and gas chromatography) had confirmed
the claimed purity. When known compounds had to be prepared
by literature procedures, pertinent references are given. Air- and
moisture-sensitive materials were stored in Schlenk tubes. They
were protected by and handled under argon, in appropriate glass-
ware. Tetrahydrofuran was dried by distillation from sodium after
the characteristic blue colour of sodium diphenyl ketyl (benzophe-
none-sodium “radical-anion”) had been seen to persist. Ethereal or
other organic extracts were dried by washing with brine and then
by storage over sodium sulfate. Melting points or ranges (m.p.)
given were determined on a Kofler heated stage and found to be
reproducible after recrystallization, unless stated otherwise (“de-
comp.”), and are uncorrected. If melting points are missing, this
means all attempts to crystallize the liquid at temperatures down
to –75 °C failed. Column chromatography was carried out on a
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column packed with silica gel (60N spherical neutral size 63–
210 µm). 1H and (1H decoupled) 13C nuclear magnetic resonance
(NMR) spectra were recorded at 400 or 300 and 101 or 75 MHz,
respectively. Chemical shifts are reported in δ units, parts per mil-
lion (ppm), and were measured relative to the signals for residual
chloroform (δ = 7.27 ppm). Coupling constants (J) are given in Hz.
Coupling patterns are abbreviated as, for example, s (singlet), d
(doublet), t (triplet), q (quartet), quint (quintet), sp (septuplet), td
(triplet of doublets), m (multiplet), app. s (apparent singlet) and br.
(broad). COSY experiments were performed for all compounds.
Only the major isomer is described in detail in the Experimental
Section, but complete NMR assignment can be found in Tables 1
and 2.

Computational Details: Geometries of the stationary structures
were fully optimized at the B3LYP theoretical level[25,26] with the
6-31G** basis set as implemented in the Gaussian 03 program.[27]

Frequency calculations were carried out at the same computational
level to confirm that all relevant structures correspond to energetic
minima or real transition states. The electron densities in some of
the systems were analysed by the Atoms In Molecules (AIM) meth-
odology[28] with the AIM2000 package.[29]

3-(Pyridin-2-yl)[1,2,3]triazolo[1,5-a]quinoline (2): A mixture of (pyr-
idin-2-yl)(quinolin-2-yl)methanone (3.5 g, 15 mmol, 1 equiv.) and
hydrazine monohydrate (1.4 mL, 1.1 g, 22 mmol, 1.5 equiv.) in
methanol (150 mL) was heated to reflux. The reaction was moni-
tored by TLC until completion (3 h) and quenched with aqueous
sodium hydroxide (20 mL, 30%). The resulting mixture was con-
centrated and extracted with dichloromethane (3�50 mL) The or-
ganic extracts were combined, washed with brine (20 mL), dried
with sodium sulfate, filtered and concentrated to provide the corre-
sponding hydrazone. The hydrazone was directly diluted in chloro-
form (150 mL). Activated manganese dioxide (3.7 g, 42 mmol,
2.8 equiv.) was added and the heterogeneous mixture was heated at
reflux overnight. The resulting mixture was cooled to 25 °C and
filtered over celite. After concentration, product 2 was obtained as
a yellow solid (3.6 g, 97%); m.p. 157–158 °C. 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 8.86 (d, J = 8.4 Hz, 1 H, 9-H), 8.70 (d, J =
4.9 Hz, 1 H, 6�-H), 8.53 (d, J = 9.3 Hz, 1 H, 4-H), 8.42 (d, J =
8.0 Hz, 1 H, 3�-H), 7.9–7.8 (m, 3 H, 6-H, 8-H, 4�-H), 7.6–7.5 (m,
2 H, 5-H, 7-H), 7.24 (dd, J = 7.6, 4.9 Hz, 1 H, 5�-H) ppm. 13C
NMR (75.5 MHz, CDCl3, 25 °C): δ = 151.9 (C), 149.2 (CH), 139.0
(C), 136.5 (CH), 131.7 (C), 129.9 (C), 129.8 (CH), 128.3 (CH),
127.3 (CH), 127.0 (CH), 124.2 (C), 122.0 (CH), 120.6 (CH), 117.7
(CH), 116.2 (CH) ppm. MS (EI): m/z (%) = 246 (11), 219 (15), 218
(100). HRMS (EI) for C15H10N4: calcd. 246.0905; found 246.0899.
C15H10N4 (246.27): calcd. C 73.16, H 4.09, N 22.75; found C 72.89,
H 4.30, N 22.89.

8-Iodo-2-([1,2,3]triazolo[1,5-a]pyridin-3-yl)quinoline (4): Butyllith-
ium (0.5 mL, 0.5 mmol, 1.2 equiv.) in hexanes (1.5 ) was added
dropwise at –78 °C to a solution of 2 (0.1 g, 0.4 mmol, 1.0 equiv.)
in tetrahydrofuran (10 mL). The mixture was kept for 30 min at
–78 °C, after which a solution of iodine (0.2 g, 0.5 mmol, 1.3 equiv.)
in tetrahydrofuran (15 mL) was added, and the system was then
allowed to reach 25 °C (1 h). The reaction mixture was hydrolysed
with saturated aqueous sodium thiosulfate (20 mL). The resulting
mixture was extracted with dichloromethane (3� 50 mL). The or-
ganic extracts were combined, washed with brine (10 mL), dried
with sodium sulfate, filtered and concentrated. Chromatography
(silica gel, ethyl acetate/cyclohexane gradient) provided 4 as a
white/yellow solid (0.12 g, 85%); m.p. 193–195 °C. 1H NMR
(300 MHz, CDCl3, 25 °C): δ = 9.43 (td, J = 8.9, 1.0, 1.0 Hz, 1 H,
4-H), 8.80 (td, J = 6.9, 1.0, 1.0 Hz, 1 H, 7-H), 8.55 (d, J = 8.6 Hz,
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1 H, 3�-H), 8.31 (dd, J = 7.4, 1.2 Hz, 1 H, 7�-H), 8.16 (d, J =
8.6 Hz, 1 H, 4�-H), 7.80 (dd, J = 8.0, 1.0 Hz, 1 H, 5�-H), 7.53 (ddd,
J = 8.9, 6.7, 1.0 Hz, 1 H, 5-H), 7.22 (app. t, J = 7.7, Hz, 1 H, 6�-
H), 7.12 (app. td, J = 6.9, 6.9, 1.0 Hz, 1 H, 6-H) ppm. 13C NMR
(75.5 MHz, CDCl3, 25 °C): δ = 152.9 (C), 146.9 (C), 139.9 (CH),
137.3 (CH), 137.2 (C), 132.7 (C), 128.6 (CH), 127.9 (C), 127.4
(CH), 127.1 (CH), 125.2 (CH), 122.5 (CH), 119.6 (CH), 116.3
(CH), 103.3 (C) ppm. MS (EI): m/z (%) = 372 (24), 343 (83), 217
(100), 216 (42), 190 (25). HRMS (EI) for C15H9IN4: calcd.
371.9872; found 371.9873.

2-([1,2,3]Triazolo[1,5-a]pyridin-3-yl)-8-methylquinoline (5B) and 9-
Methyl-3-(pyridin-2-yl)[1,2,3]triazolo[1,5-a]quinoline (5A): Butyl-
lithium (0.3 mL, 0.5 mmol, 1.2 equiv.) in hexanes (1.5 ) was added
dropwise at –78 °C to a solution of 2 (0.1 g, 0.4 mmol, 1.0 equiv.)
in tetrahydrofuran (10 mL). The mixture was kept for 30 min at
–78 °C, after which a solution of iodomethane (68 mg, 0.5 mmol,
1.2 equiv.) in tetrahydrofuran (0.5 mL) was added, and the system
was then allowed to reach 25 °C (1 h). Saturated aqueous ammo-
nium chloride (20 mL) was added. The resulting mixture was ex-
tracted with dichloromethane (3�50 mL). The organic extracts
were combined, washed with brine (10 mL), dried with sodium sul-
fate, filtered and concentrated. Chromatography (silica gel, ethyl
acetate/cyclohexane, 3:2) allowed the isolation of two products.
However, when NMR analysis was performed, both products re-
vealed the same spectra, because they rapidly equilibrated between
5A (52%) and 5B (48%) with an A/B ratio of 1.0:0.9 (81 mg, 77%).
1H NMR (300 MHz, CDCl3, 25 °C): δ = 8.98 (td, J = 8.9, 1.2,
1.2 Hz, 1 H B, 4-H), 8.82 (td, J = 7.0, 1.0, 1.0 Hz, 1 H B, 7-H),
8.70 (td, J = 4.8, 1.0, 1.0 Hz, 1 H A, 6�-H), 8.61 (d, J = 9.3 Hz, 1
H A, 4-H), 8.54 (d, J = 8.6 Hz, 1 H B, 3�-H), 8.42 (td, J = 8.0, 1.0,
1.0 Hz, 1 H A, 3�-H), 8.23 (d, J = 8.6 Hz, 1 H B, 4�-H), 7.83 (dt,
J = 7.9, 7.8, 1.8 Hz, 1 H A, 4�-H), 7.70 (app. t, J = 8.2, 8.2 Hz, 2
H), 7.65–7.56 (m, 2 H), 7.48 (ddd, J = 8.9, 6.7, 1.0 Hz, 1 H B, 5-
H), 7.53–7.39 (m, 3 H), 7.25–7.23 (m, 1 H A, 5�-H), 7.11 (dt, J =
6.9, 6.9, 1.3 Hz, 1 H B, 6-H), 3.25 (s, 3 H A, CH3), 2.93 (s, 3 H B,
CH3) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 152.1 (C),
150.7 (C), 149.3 (CH), 148.7 (C), 147.0 (C), 138.1 (C), 137.5 (C),
136.7 (CH), 136.5 (CH), 136.4 (C), 133.1 (CH), 132.4 (C), 131.7
(C), 131.1 (C), 129.7 (CH), 128.6 (CH), 127.2 (C), 126.8 (CH),
126.4 (2�CH), 125.9 (C), 125.8 (2�CH), 125.3 (CH), 122.0 (CH),
121.5 (CH), 120.7 (CH), 118.5 (CH), 117.4 (CH), 115.9 (CH), 24.6
(CH3), 18.467 (CH3) ppm. MS (EI): m/z (%) = 260 (21), 232 (100),
231 (94). HRMS (EI) for C16H12N4: calcd. 260.1062; found
260.1073.

8-Fluoro-2-([1,2,3]triazolo[1,5-a]pyridin-3-yl)quinoline (6B): Butyl-
lithium (0.3 mL, 0.5 mmol, 1.2 equiv.) in hexanes (1.5 ) was added
dropwise at –78 °C to a solution of 2 (0.1 g, 0.4 mmol, 1.0 equiv.)
in tetrahydrofuran (10 mL). The mixture was kept for 30 min at
–78 °C, after which a solution of N-fluorodibenzenesulfonimide
(0.16 g, 0.5 mmol, 1.3 equiv.) in tetrahydrofuran (20 mL) was
added, and the system was then allowed to reach 25 °C (1 h). A
saturated aqueous ammonium chloride was added (20 mL) and the
resulting mixture was extracted with dichloromethane (3�50 mL).
The organic extracts were combined, washed with brine (10 mL),
dried with sodium sulfate, filtered and concentrated. Preparative
chromatography (silica 2 mm, ethyl acetate/cyclohexane, 1:3) pro-
vided 6B as the major isomer as a slightly brown solid (70 mg,
50%). 1H NMR (300 MHz, CDCl3, 25 °C): δ = 9.03 (td, J = 8.9,
1.1, 1.1 Hz, 1 H, 4-H), 8.79 (td, J = 7.0, 0.9, 0.9 Hz, 1 H, 7-H),
8.56 (d, J = 8.7 Hz, 1 H, 3�-H), 8.24 (dd, J = 8.7, 1.2 Hz, 1 H, 4�-
H), 7.6–7.4 (m, 4 H, 5-H, 5�-H, 6�-H, 7�-H), 7.10 (dt, J = 6.9, 6.8,
1.0 Hz, 1 H, 6-H) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ =
158.1 (d, J = 256.3 Hz, 1 C), 152.0 (d, J = 1.4 Hz, 1 C), 149.3 (C),
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137.0 (d, J = 51.0 Hz, 1 C), 136.1 (d, J = 3.1 Hz, CH), 132.8 (C),
128.8 (d, J = 2.3 Hz, 1 C), 127.3 (CH), 125.6 (d, J = 7.9 Hz, CH),
125.2 (CH), 123.3 (d, J = 4.6 Hz, CH), 121.8 (CH), 119.6 (CH),
116.3 (CH), 113.7 (d, J = 18.8 Hz, CH) ppm. MS (EI): m/z (%) =
264 (17), 236 (100), 216 (10), 190 (2). HRMS (EI) for C15H9FN4:
calcd. 264.0811; found 264.0816.

3-(Pyridin-2-yl)[1,2,3]triazolo[1,5-a]quinolin-9-ol (7): Butyllithium
(1.4 mL, 2.2 mmol, 1.1 equiv.) was added at –78 °C to a solution
of 2 (0.5 g, 2.0 mmol. 1.0 equiv.) in tetrahydrofuran (50 mL). The
mixture was kept for 30 min at –78 °C, after which fluorodimeth-
oxyborane–diethyl ether (0.6 mL, 2.7 mmol, 1.4 equiv.) was added,
and the system was then allowed to reach 25 °C (1 h). After 30 min,
aqueous sodium hydroxide (3.0  , 0.8 mL) and aqueous hydrogen
peroxide (30%, 0.2 mL) were added dropwise. The reaction mixture
was kept at 25 °C during the night. After addition of saturated
aqueous ammonium chloride (30 mL), the resulting mixture was
extracted with dichloromethane (3�50 mL). The organic extracts
were combined, washed with brine (10 mL), dried with sodium sul-
fate, filtered and concentrated. Chromatography (silica gel, ethyl
acetate/cyclohexane, 1:3) provided 7 (430 mg, 82 %); m.p. 158–
159 °C. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 10.71 (s, 1 H,
OH), 8.73 (br. d, J = 4.8 Hz, 1 H, 6�-H), 8.56 (d, J = 9.4 Hz, 1 H,
4-H), 8.38 (d, J = 8.0 Hz, 1 H, 3�-H), 7.86 (app. td, J = 7.8, 7.8,
1.1 Hz, 1 H, 4�-H), 7.70 (d, J = 9.4 Hz, 1 H, 5-H), 7.52 (app. t, J
= 7.9, 7.9 Hz, 1 H, 7-H), 7.4–7.3 (m, 2 H, 6-H, 8-H), 7.30 (ddd, J
= 7.5, 4.8, 1.0 Hz, 1 H, 5�-H) ppm. 13C NMR (75.5 MHz, CDCl3,
25 °C): δ = 151.4 (C), 149.5 (CH), 148.8 (C), 138.2 (C), 136.7 (CH),
129.9 (C), 128.9 (CH), 128.2 (CH), 126.2 (C), 122.6 (CH), 120.8
(CH), 120.3 (C), 118.7 (CH), 117.4 (CH), 116.9 (CH) ppm. MS
(EI): m/z (%) = 262 (33), 234 (100), 218 (19), 206 (48), 205 (65).
HRMS (EI) for C15H10N4O: calcd. 262.0855; found 262.0853.
C15H10N4O (262.27): calcd. C 68.69, H 3.84, N 21.31; found C
68.51, H 4.02, N 21.47.

3-(Pyridin-2-yl)-9-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
[1,2,3]triazolo[1,5-a]quinoline (8): Butyllithium (0.6 mL, 1.0 mmol,
1.2 equiv.) in hexanes (1.5 ) was added dropwise at –78 °C to a
solution of 2 (0.2 g, 0.8 mmol, 1.0 equiv.) in tetrahydrofuran
(20 mL). The mixture was kept for 30 min at –78 °C, after which 2-
isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.2 mL, 0.2 g,
1.4 mmol, 1.3 equiv.) was added, and the system was then allowed
to reach 25 °C (1 h). Saturated aqueous ammonium chloride
(20 mL) was added. The resulting mixture was extracted with
dichloromethane (3 �50 mL). The organic extracts were combined,
washed with brine (10 mL), dried with sodium sulfate, filtered and
concentrated. Chromatography (silica gel, ethyl acetate/cyclohex-
ane, 1:1) provided 8 as a colourless solid (0.2 g, 79%); m.p. 142–
143 °C. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 8.70 (ddd, J =
4.9, 1.7, 1.0 Hz, 1 H, 6�-H), 8.52 (d, J = 9.3 Hz, 1 H, 4-H), 8.38
(td, J = 8.0, 1.0, 1.0 Hz, 1 H, 3�-H), 7.87 (dd, J = 7.9, 1.3 Hz, 1 H,
6-H), 7.53 (d, J = 9.3 Hz, 1 H, 5-H), 7.6–7.5 (m, 3 H, 4�-H, 7-H,
8-H), 7.23 (ddd, J = 7.5, 4.9, 1.0 Hz, 1 H, 5�-H), 1.58 (s, 12 H,
4�CH3) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 151.9 (C),
149.2 (CH, 1 C), 139.0 (C), 136.7 (CH), 134.0 (CH), 133.2 (C),
130.0 (C), 129.2 (CH), 127.9 (CH), 126.7 (CH), 123.9 (C), 122.1
(CH), 120.9 (CH), 117.5 (CH), 84.810 (2�C), 25.012
(4�CH3) ppm. MS (EI): m/z (%) = 371 (6), 345 (23), 344 (100),343
(25) 314 (23), 285 (28), 245 (77), 244 (58), 218 (47). HRMS (EI)
for C21H21BN4O2: calcd. 371.1794; found 371.1789. C21H21BN4O2

(372.23): calcd. C 67.76, H 5.69, N 15.05; found C 67.60, H 5.69,
N 15.55.

8-Methoxy-2-([1,2,3]triazolo[1,5-a]pyridin-3-yl)quinoline (9B): A
mixture of 8 (60 mg, 0.23 mmol, 1 equiv.), iodomethane (42 mg,
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0.3 mmol, 1.2 equiv.) and potassium carbonate (39 mg, 0.3 mmol,
1.3 equiv.) in acetone (20 mL) was heated to reflux. The reaction
was monitored by TLC until completion (5 h). The reaction mix-
ture was quenched with water (10 mL), and the resulting mixture
was concentrated and then extracted with dichloromethane
(3�10 mL) The organic extracts were combined, washed with
brine (20 mL), dried with sodium sulfate, filtered and concentrated
to provide 9B as the major isomer (54 mg, 87%). 1H NMR
(300 MHz, CDCl3, 25 °C): δ = 9.03 (td, J = 8.9, 1.2, 1.2 Hz, 1 H,
4-H), 8.79 (ddd, J = 7.0, 1.0, 1.0 Hz, 1 H, 7-H), 8.52 (d, J = 8.6 Hz,
1 H, 3�-H), 8.21 (d, J = 8.6 Hz, 1 H, 4�-H), 7.48 (ddd, J = 8.9, 6.7,
1.0 Hz, 1 H, 5-H), 7.5–7.4 (m, 2 H, 6�-H, 7�-H), 7.10 (app. td, J =
6.9, 6.9, 1.0 Hz, 1 H, 6-H), 7.07 (d, J = 6.8 Hz, 1 H, 5�-H), 4.14 (s,
3 H, OCH3) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 155.4
(C), 150.8 (C), 149.2 (C), 139.9 (C), 136.6 (C), 136.5 (CH), 128.4
(C), 127.0 (CH), 126.2 (CH), 125.2 (CH), 121.8 (CH), 119.7 (CH),
119.3 (CH), 116.1 (CH), 108.2 (CH), 56.2 (CH3) ppm. MS (EI):
m/z (%) = 276.1 (30), 248.1 (50), 218.1 (70), 218 (100), 141.9 (85).
HRMS (EI) calcd. for C16H12N4O [M + H]: 277.1084; found
277.1050. HRMS (EI) calcd. for [M + Li] 283.1166; found
283.1130.

8-Bromo-2-([1,2,3]triazolo[1,5-a]pyridin-3-yl)quinoline (10): Butyl-
lithium (0.3 mL, 0.5 mmol, 1.2 equiv.) in hexanes (1.5 ) was added
dropwise at –78 °C to a solution of 2 (0.1 g, 0.4 mmol, 1.0 equiv.)
in tetrahydrofuran (10 mL). The mixture was kept for 30 min at
–78 °C, after which a solution of 1,2-dibromo-1,1,2,2-tetrafluoro-
ethane (0.2 g, 0.5 mmol, 1.3 equiv.) in tetrahydrofuran (1 mL) was
added, and the system was then allowed to reach 20 °C (1 h). Satu-
rated aqueous ammonium chloride (20 mL) was added. The re-
sulting mixture was extracted with dichloromethane (3�50 mL)
and the organic extracts were combined, washed with brine
(10 mL), dried with Na2SO4, filtered and concentrated.
Chromatography (silica gel, ethyl acetate/cyclohexane gradient)
provided 10 as a slightly yellow solid (95 mg, 73%); m.p. 231–
233 °C. 1H NMR (300 MHz, CDCl3, 25 °C): δ = 9.29 (td, J = 8.9,
1.0, 1.0 Hz, 1 H, 4-H), 8.81 (td, J = 7.0, 1.0, 1.0 Hz, 1 H, 7-H),
8.57 (d, J = 8.6 Hz, 1 H, 3�-H), 8.24 (d, J = 8.6 Hz, 1 H, 4�-H),
8.05 (dd, J = 7.5, 1.2 Hz, 1 H, 5�-H), 7.79 (dd, J = 8.0, 1.2 Hz, 1
H, 7�-H), 7.54 (ddd, J = 8.9, 6.7, 1.0 Hz, 1 H, 5-H), 7.36 (app. t, J
= 7.8 Hz, 1 H, 6�-H), 7.13 (ddd, J = 6.9, 6.8, 1.0 Hz, 1 H, 6-
H) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 152.8 (C), 145.0
(C), 137.4 (C), 137.0 (CH), 133.1 (CH), 132.9 (C), 128.5 (C), 127.6
(CH), 127.5 (CH), 126.4 (CH), 125.3 (CH), 124.9 (C), 122.1 (CH),
119.5 (CH), 116.3 (CH) ppm. MS (EI): m/z (%) = 326 (16), 324
(15), 298 (85), 295 (82), 217 (100), 216 (81), 190 (41). HRMS (EI)
calcd. for C15H9

79BrN4: 324.0011; found 323.9971. HRMS (EI)
calcd. for C15H9

81BrN4: calcd. 326.0011; found 325.9985.

8-Chloro-2-([1,2,3]triazolo[1,5-a]pyridin-3-yl)quinoline (11): Butyl-
lithium (0.3 mL, 0.5 mmol, 1.2 equiv.) in hexanes (1.5 ) was added
dropwise at –78 °C to a solution of 2 (0.1 g, 0.4 mmol, 1.0 equiv.)
in tetrahydrofuran (10 mL). The mixture was kept for 30 min at
–78 °C, after which a solution of 1,2,2-trichlorotrifluoroethane
(0.07 mL, 0.1 g, 0.5 mmol, 1.3 equiv.) in tetrahydrofuran (1 mL)
was added, and the system was then allowed to reach 25 °C (1 h).
Saturated aqueous ammonium chloride (20 mL) was added and the
resulting mixture was extracted with dichloromethane (3�50 mL).
The organic extracts were combined, washed with brine (10 mL),
dried with sodium sulfate, filtered and concentrated. Chromatog-
raphy (silica gel, ethyl acetate/cyclohexane, 3:2) provided 11 as a
light brown solid (70 mg, 62 %); m.p. 228–230 °C. 1H NMR
(300 MHz, CDCl3, 25 °C): δ = 9.21 (td, J = 8.9, 1.0, 1.0 Hz, 1 H,
4-H), 8.81 (td, J = 7.0, 1.0, 1.0 Hz, 1 H, 7-H), 8.58 (d, J = 8.6 Hz,
1 H, 3�-H), 8.26 (d, J = 8.6 Hz, 1 H, 4�-H), 7.84 (dd, J = 7.5,
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1.2 Hz, 1 H, 5�-H), 7.75 (dd, J = 8.1, 1.2 Hz, 1 H, 7�-H), 7.54 (ddd,
J = 8.9, 6.7, 1.0 Hz, 1 H, 5-H), 7.43 (t, J = 7.8 Hz, 1 H, 6�-H), 7.13
(ddd, J = 6.9, 6.8, 1.0 Hz, 1 H, 6-H) ppm. 13C NMR (75.5 MHz,
CDCl3, 25 °C): δ = 152.5 (C), 144.2 (C), 137.5 (C), 136.9 (CH),
133.4 (C), 133.0 (C), 129.6 (CH), 128.5 (C), 127.5 (CH), 126.8
(CH), 125.9 (CH), 125.3 (CH), 122.0 (CH), 119.5 (CH), 116.3
(CH) ppm. MS (EI): m/z (%) = 282 (4), 280 (15), 254 (31), 252
(100), 217 (35), 216 (31), 190 (16). HRMS (EI) calcd. for
C15H9

35ClN4: 280.0516; found 280.0508. HRMS (EI) calcd. for
C15H9

37ClN4: 282.0516; found 282.0510.

2-[2-([1,2,3]Triazolo[1,5-a]pyridin-3-yl)quinolin-8-yl]propan-2-ol
(12): Butyllithium (0.3 mL, 0.5 mmol, 1.2 equiv.) in hexanes (1.5 )
was added dropwise at –78 °C to a solution of 2 (0.1 g, 0.4 mmol,
1.0 equiv.) in tetrahydrofuran (10 mL). The mixture was kept for
30 min at –78 °C, after which acetone (1 mL, excess) was added,
and the system was then allowed to reach 25 °C (1 h). Saturated
aqueous ammonium chloride (20 mL) was added and the resulting
mixture was extracted with dichloromethane (3�50 mL). The or-
ganic extracts were combined, washed with brine (10 mL), dried
with sodium sulfate, filtered and concentrated. Chromatography
(silica gel, ethyl acetate/cyclohexane, 1:3) provided 12 as a colour-
less solid (60 mg, 50%); m.p. 131–133 °C. 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 8.83 (ddd, J = 7.0, 1.0, 1.0 Hz, 1 H, 7-H), 8.80
(ddd, J = 9.0, 1.0, 1.0 Hz, 1 H, 4-H), 8.62 (d, J = 8.7 Hz, 1 H, 3�-
H), 8.35 (br. s, 1 H, OH), 8.33 (d, J = 8.7 Hz, 1 H, 4�-H), 7.75 (dd,
J = 8.0, 1.4 Hz, 1 H, 7�-H), 7.70 (dd, J = 7.4, 1.4 Hz, 1 H, 5�-H),
7.56 (ddd, J = 8.9, 6.7, 1.0 Hz, 1 H, 5-H), 7.5–7.4 (m, 1 H, 6�-H),
7.12 (ddd, J = 6.9, 6.8, 1.2 Hz, 1 H, 6-H), 1.90 (s, 6 H,
2�CH3) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 149.6 (C),
145.8 (C), 143.7 (C), 138.3 (CH), 137.0 (C), 131.9 (C), 128.2 (C),
128.0 (CH), 127.3 (CH), 126.1 (CH), 126.1 (CH), 125.8 (CH), 119.8
(CH), 119.3 (CH), 116.1 (CH), 74.3 (C), 31.2 (2 CH3) ppm. MS
(EI): m/z (%) = 304 (2), 290 (12), 289 (60), 276 (36), 262 (19), 261
(100), 257 (35), 243 (58), 242 (26), 233 (16), 219 (24), 190 (11).
HRMS (EI) for C18H16N4O: calcd. 304.1324; found 304.1321.

2-([1,2,3]Triazolo[1,5-a]pyridin-3-yl)-8-isopropoxyquinoline (13B): A
mixture of 7 (60 mg, 0.23 mmol, 1 equiv.), 2-bromopropane (0.3 g,
2.3 mmol, 10 equiv.) and potassium carbonate (39 mg, 0.3 mmol,
1.3 equiv.) in acetone (20 mL) was heated to reflux. The reaction
was monitored by TLC until completion (24 h). The reaction mix-
ture was quenched with water (10 mL), concentrated and extracted
with dichloromethane (3�10 mL) The organic extracts were com-
bined, washed with brine (20 mL), dried with sodium sulfate, fil-
tered and concentrated to provide 13B as the major isomer (59 mg,
85%). 1H NMR (300 MHz, CDCl3, 25 °C): δ = 9.20 (td, J = 8.9,
1.0, 1.0 Hz, 1 H, 4-H), 8.80 (ddd, J = 7.1, 1.0, 1.0 Hz, 1 H, 7-H),
8.50 (d, J = 8.6 Hz, 1 H, 3�-H), 8.21 (d, J = 8.6 Hz, 1 H, 4�-H),
7.5–7.4 (m, 2 H, 6�-H, 7�-H) 7.46 (ddd, J = 8.9, 6.7, 1.0 Hz, 1 H,
5-H), 7.09 (app. td, J = 6.9, 6.9, 1.0 Hz, 1 H, 6-H), 7.1–7.0 (m, 1
H, 5�-H), 4.90 (sp, J = 6.0 Hz, 1 H, OCH), 1.59 (d, J = 6.0 Hz, 6
H, 2�CH3) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 153.7
(C), 140.69 (C), 138.2 (C), 139.9 (C), 136.4 (CH), 132.8 (C) 128.6
(C), 126.7 (CH), 126.2 (CH), 125.2 (CH), 122.1 (CH), 119.7 (CH),
118.8 (CH), 116.1 (CH), 111.8 (CH), 71.1 (CH), 22.3
(2�CH3) ppm. MS (EI): m/z (%) = 304 (17), 289 (16), 276 (69),
235 (22), 234 (100), 218 (30) 206 (36), 205 (62), 78 (10). HRMS
(EI) calcd. for C18H16N4O: 304.1324; found 304.1316,

(6-Bromopyridin-2-yl)(quinolin-2-yl)methanone (14): Butyllithium
(10.8 mL, 16.7 mmol, 1.1 equiv.) in hexanes (1.5 ) was added
dropwise at 0 °C to a solution of 2,6-dibromopyridine (3.6 g,
15.2 mmol, 1.1 equiv.) in toluene (75 mL). The mixture was kept
for 20 min at 0 °C before cannulation into a solution of methyl
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quinoline-2-carboxylate (2.8 g, 14.9 mmol, 1.0 equiv.) in tetra-
hydrofuran (100 mL) at 0 °C. The mixture was allowed to reach
25 °C in the course of 1 h and hydrolysed with saturated aqueous
ammonium chloride (20 mL). The resulting mixture was extracted
with dichloromethane (3�50 mL). The organic extracts were com-
bined, washed with brine (3�10 mL), dried with sodium sulfate,
filtered and concentrated. Chromatography (silica gel, ethyl acetate/
cyclohexane, 1:2) provided 14 as a yellow oil (3.3 g, 70%). 1H NMR
(300 MHz, CDCl3, 25 °C): δ = 8.32 (d, J = 8.5 Hz, 1 H, 3-H), 8.2–
8.1 (m, 3 H), 7.88 (dd, J = 8.1, 1.2 Hz, 1 H), 7.8–7.7 (m, 2 H), 7.7–
7.60 (m, 1 H) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C): δ = 191.2
(C), 154.9 (C), 153.3 (C), 147.1 (C), 141.8 (C), 138.6 (CH), 136.8
(CH), 130.9 (CH), 130.6 (CH), 130.1 (CH), 129.1 (C), 128.7 (CH),
127.6 (CH), 124.7 (CH), 120.8 (CH) ppm. MS (EI): m/z (%) = 314
(63), 312 (65), 286 (34), 285 (55), 284 (31), 283 (51), 205 (71), 128
(100), 101 (29). HRMS (EI) calcd. for C15H9

79BrN2: 311.9898;
found 311.9892. HRMS (EI) calcd. for C15H9

81BrN2: 313.9898;
found 313.9882.

3-(6-Bromopyridin-2-yl)[1,2,3]triazolo[1,5-a]quinoline (15): A mix-
ture of (6-bromopyridin-2-yl)-(quinolin-2-yl)methanone (1.0 g,
3.3 mmol, 1 equiv.) and hydrazine monohydrate (0.3 mL, 0.2 g,
4 mmol, 1.3 equiv.) in methanol (50 mL) was heated to reflux. The
reaction was monitored by TLC until completion (3 h). Aqueous
sodium hydroxide (20 mL, 30%) was added and the resulting mix-
ture was concentrated and extracted with dichloromethane
(3 �50 mL). The organic extracts were combined, washed with
brine (20 mL), dried with sodium sulfate, filtered and concentrated
to provide the corresponding hydrazone. The hydrazone was di-
rectly dissolved in chloroform (100 mL), after which activated man-
ganese dioxide (0.8 g, 9.1 mmol, 2.8 equiv.) was added. The hetero-
geneous mixture was heated at reflux overnight. The resulting mix-
ture was cooled to 25 °C and filtered over celite. After concentra-
tion, 15 was obtained as a brown solid (1 g, 91%); m.p. 180–182 °C.
1H NMR (300 MHz, CDCl3): δ = 8.82 (d, J = 8.4 Hz, 1 H, 9 H),
8.49 (d, J = 9.3 Hz, 1 H, 4-H), 8.35 (dd, J = 7.8, 0.8 Hz, 1 H, 3�-
H), 7.89 (dd, J = 7.9, 1.1 Hz, 1 H, 6-H), 7.79 (ddd, J = 8.5, 7.3,
1.4 Hz, 1 H, 8-H), 7.7–7.6 (m, 3 H, 4�-H, 5-H, 7-H), 7.41 (dd, J =
7.8, 0.8 Hz, 1 H, 5�-H) ppm. 13C NMR (75.5 MHz, CDCl3, 25 °C):
δ = 152.7 (C), 141.5 (C), 139.0 (CH), 1376 (C), 131.8 (C), 130.3
(C), 130.2 (CH), 128.6 (CH), 128.1 (CH), 127.4 (CH), 126.1 (CH),
124.4 (C), 119.2 (CH), 117.5 (CH), 116.4 (CH) ppm. MS (EI): m/z
(%) = 326 (14), 324 (15), 298 (80), 296 (79), 217 (100), 216 (50),
190 (33), 128 (18). HRMS (EI) calcd. for C15H9

79BrN4: 324.0011;
found 324.0012. HRMS (EI) calcd. for C15H9

81BrN4: 326.0011;
found 326.0000. Elemental analysis (%) calcd. for C15H9BrN4: C
55.40, H 2.79, N 17.23; found C 55.34, H 3.24, N 17.05.

3-(6-Methylpyridin-2-yl)[1,2,3]triazolo[1,5-a]quinoline (16): Butyl-
lithium (0.4 mL, 0.7 mmol, 1.1 equiv.) in hexanes (1.5 ) was added
at –78 °C to a solution of 15 (0.2 g, 0.6 mmol, 1.0 equiv.) in tetra-
hydrofuran (20 mL). The mixture was kept for 30 min at –78 °C,
after which iodomethane (0.1 g, 0.8 mmol, 1.2 equiv.) was added.
The mixture was allowed to warm to room temperature in the
course of 1 h. Saturated aqueous ammonium chloride (20 mL) was
added and the resulting mixture was extracted with dichlorometh-
ane (3�50 mL). The organic extracts were combined, washed with
brine (10 mL), dried with sodium sulfate, filtered and concentrated.
Chromatography (silica gel, ethyl acetate/cyclohexane, 1:4) pro-
vided 16 (81 mg, 50%); m.p. 116–117 °C. 1H NMR (300 MHz,
CDCl3, 25 °C): δ = 8.83 (d, J = 8.4 Hz, 1 H, 9-H), 8.59 (d, J =
9.3 Hz, 1 H, 4-H), 8.20 (d, J = 7.9 Hz, 1 H, 3�-H), 7.87 (dd, J =
7.9, 1.1 Hz, 1 H, 6-H), 7.77 (ddd, J = 8.5, 7.4, 1.4 Hz, 1 H, 8-H),
7.70 (t, J = 7.8, 7.8 Hz, 1 H, 4�-H), 7.6–7.5 (m, 2 H, 5-H, 7-H),
7.10 (d, J = 7.6 Hz, 1 H, 5�-H), 2.66 (s, 3 H, CH3) ppm. 13C NMR
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(75.5 MHz, CDCl3, 25 °C): δ = 158.0 (C), 151.3 (C), 139.3 (C),
136.9 (CH), 131.9 (C), 130.0 (C), 129.9 (CH), 128.4 (CH), 127.2
(CH), 127.1 (CH), 124.4 (C), 121.6 (CH), 118.1 (CH), 117.7 (CH),
116.4 (CH), 29.7 (CH3) ppm. MS (EI): m/z (%) = 260 (16), 232
(100), 231 (58). HRMS (EI) calcd. for C16H12N4: 260.1062; found
260.1064.

Supporting Information (see also the footnote on the first page of
this article): 1H, 13C NMR spectra for compounds 2–16, and com-
putational data.
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