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Abstract: 1,3-Disubstituted 7-azaindoles were synthesized from
2,6-dichloropyridine using DoM and intramolecular aromatic
substitution after epoxide opening by an amine. Even the sterically
demanding adamantylamine may be incorporated leading to deriv-
atives which are not accessible by alkylation of the parent com-
pound.

Key words: azaindoles, pyridines, metalations, nucleophilic aro-
matic substitutions, ring closure

In nature 7-azaindoles (1H-pyrrolo[2,3-b]pyridines) ap-
pear only as a substructure in a small number of alkaloids.
However, much interest in this heterocyclic moiety has
arisen in recent pharmacological programs, wherein it
serves as bioisoster of indole or purine.1 Numerous publi-
cations on its synthesis and derivatization reflect the
increasing attention paid to this heterocyclic system.2,3

In connection with a medicinal chemistry program, we re-
quired a practical synthesis of 1,3-substituted azaindoles
of the general formula 1 (Scheme 1). Inspired by two re-
ports on the synthesis of indoles from 2-(2-chlorophe-
nyl)oxiranes4 and 2-(2-bromophenyl)oxiranes,5 we
decided to develop a new azaindole synthesis based on the
retrosynthetic analysis depicted in Scheme 1. An amine
should open the epoxide 2 to an amino alcohol, which ex-
pels the adjacent halogen by intramolecular nucleophilic
aromatic substitution. Subsequent dehydration should
yield the desired heterocycle 1. We planned to start with
2,6-dichloropyridine (4) for the synthesis of oxiranes 2.
The directed ortho metalation (DoM) of 4 should allow its
functionalization in the 3-position.6 

The lithiation7 of fluoro- and chloropyridines8 has been
thoroughly studied by Quéguiner9 and Schlosser.10 In our
hands, after deprotonation of 2,6-dichloropyridine (4)

with LDA, the addition to ketones like acetone, acetophe-
none, or trifluoroacetone occurred smoothly (Scheme 2),
and the desired tertiary alcohols 5 could be easily separat-
ed from unconsumed starting material by column filtra-
tion due to their higher polarity. In agreement with
repeated reports in the literature, we detected small
amounts of the regioisomeric adducts resulting from lithi-
ation at the 4-position. In the course of our investigations
it turned out to be unnecessary to separate the regioiso-
mers, since the minor component leads to a polar, unpro-
ductive intermediate in the last step of the sequence. The
dehydration of 5 yielding a-substituted styrene deriva-
tives 6 was performed in a mixture of acetic and sulfuric
acid (3:1) at 130 °C for 30 minutes. The elimination prod-
ucts were isolated after basic work-up and did not need
further purification. Unfortunately, 5c failed to dehydrate
due to the strong electron-withdrawing effect of the tri-
fluoromethyl group. Even after heating in concentrated
sulfuric acid to 120 °C for 14 hours we recovered the
alcohol 5c almost quantitatively. With other reagents like
thionyl chloride, thionyl chloride/pyridine11 or Burgess’
reagent we were also unsuccessful, demonstrating that
this approach is not applicable for the synthesis of 3-
trifluoromethyl 7-azaindole.

The epoxides 2 were generated from the alkenes by oxida-
tion with MCPBA in dichloromethane, and were essen-
tially pure after basic extraction.

In the final step of the sequence the epoxides were reacted
with primary amines leading to the 7-azaindoles. The
transformation was performed in 1-butanol at 100–120 °C
(Scheme 3). Mechanistically, a domino12 epoxide-open-
ing-cyclization, and dehydration take place: 

The amine 3 attacks the oxirane 2 at the sterically less hin-
dered position, and an 1,2-aminoalcohol 7 is generated.

Scheme 1 Retrosynthesis.
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The subsequent intramolecular nucleophilic aromatic sub-
stitution leads to the annellated system 8. The speed of the
reaction is determined by the steric hindrance of the amine
3. With linear amines like butyl- or allylamine it was com-
plete within three to five hours, whilst a-branched amines
like cyclopentylamine required heating overnight. Conse-
quently, using a-trisubstituted amines like tert-amylamine
or adamantylamine the reaction required heating for sev-
eral days to obtain the azaindoles in high yields. The inter-
mediate tertiary alcohol 8 can be isolated. However, it is
very prone to aromatization yielding 1, and therefore we
normally ran the sequence to completion. In most of the
examples, only a small portion of 8 spontaneously col-
lapsed to 1 and the addition of hydrochloric acid was
needed to catalyze the dehydration. The target compounds
were isolated in medium to high yields (Figure 1), demon-
strating the high versatility of our approach.

The synthesis of the epoxides 2 via the styrenes 6 proved
to be facile since only one purification step was needed in
the 3-step sequence. However, we were interested in a
shorter approach. As depicted in Scheme 4, the reaction of

Figure 1 Synthesized 1,3-disubstituted 7-azaindoles; reaction time in parentheses.

Scheme 2 Synthesis of epoxides 2. Reagents and conditions: a) LDA, THF, –78 °C, then R1COMe, –78 °C → r.t.; b) H2SO4–AcOH (1:3),
130 °C; c) MCPBA, CH2Cl2, r.t.

Scheme 3 Mechanism for the 7-azaindole formation.
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the deprotonated pyridine 4 with chloroacetone 9 should
yield the oxirane 2a in a single step. In our hands, we iso-
lated the desired compound in 60% purity. Since the ac-
companying compound was unreacted starting material,
which should not interfere in the subsequent step, we used
the crude product without purification. The reaction with
benzylamine gave 1-benzyl-3-methyl-7-azaindole (1c) in
50% overall yield.

Scheme 4 Two-step synthesis of 7-azaindoles from 2,6-dichloropy-
ridine. Reagents and conditions: a) LDA, THF, –78 °C, then 9; b)
BnNH2, 1-butanol, 120 °C, then HCl (aq), 50% overall yield.

We were also interested in the regioselectivity of the cy-
clization step for 2,4-dichloropyridine derivatives 11
(Scheme 5). The styrene 10 was prepared from 5a in three
steps comprising N-oxidation (54%), elimination (96%),
and chlorination (38%). An alternative route towards 10
started with the oxidation of 2,6-dichloropyridine (4;
69%)13 and reaction with acetone after deprotonation
(57%) to yield the same product as isolated from the oxi-
dation of 5a. The epoxidation of 10 was significantly
slower than for the dichloro derivative 6, and 11 was iso-
lated in 71% yield. Its cyclization with benzylamine re-
sulted in the formation of the two regioisomers 12 and 13
(Scheme 5) in a 1:1.1 ratio. The lack of regioselectivity
demonstrates that the same strategy can be applied to the
synthesis of the regioisomeric 5-azaindoles (1H-pyrro-
lo[3,2-c]pyridines) starting with 4-chloro- or 4-fluoropy-
ridine. Further work in this area is currently underway. 

In conclusion, a highly efficient synthesis of 7-azaindoles
was developed. Starting from readily available 2,6-
dichloropyridine 4, the epoxides 2 can be synthesized in
three steps via styrenes 6 or in a single transformation

with a-chloroketones after directed ortho metalation
(DoM). Thorough purification of the intermediates is not
necessary due to the robustness of the final reaction in the
sequence. Its simplicity and broad substrate tolerance al-
lows a combinatorial access to the target compounds. 

2-(2,6-Dichloropyridin-3-yl)propan-2-ol (5a); Typical 
Procedure
To a freshly prepared solution of LDA (89.2 mmol) in THF at
–78 °C, 2,6-dichloropyridine (12.0 g, 81.1 mmol) in THF (20 mL)
was added. After stirring for 2 h at this temperature acetone
(8.94 mL, 122 mmol) was added. The mixture was stirred for an ad-
ditional 2 h and then slowly warmed to r.t. The mixture was poured
into ice water and extracted twice with tert-butylmethyl ether. The
combined organic layers were washed with brine and dried over so-
dium sulfate. The solvent was removed under reduced pressure and
the residue was purified by column chromatography (CH2Cl2, then
CH2Cl2–MeOH, 50:1) to yield 11.8 g (71%) of the title compound
as a yellow oil. 
1H NMR (400 MHz, DMSO-d6): d = 1.59 (s, 6 H), 5.58 (s, 1 H),
7.57 (d, J = 8.3 Hz, 1 H), 8.23 (d, J = 8.3 Hz, 1 H).

2,6-Dichloro-3-isopropenylpyridine (6a) 
Tertiary alcohol 5a (1.20 g, 5.82 mmol) was dissolved in AcOH
(6.0 mL) and concd H2SO4 (2.0 mL) was added. The mixture was
heated to reflux for 30 min. It was poured into ice water, basified
with concd NaOH solution and extracted with CH2Cl2. The organic
layer was dried over sodium sulfate and evaporated to yield 868 mg
(79%) of the title compound as a yellow oil. 
1H NMR (300 MHz, DMSO-d6): d = 2.06 (dd, J = 1.3, 0.9 Hz, 3 H),
5.08 (m, 1 H), 5.38 (dq, 1.5, 1.3 Hz, 1 H), 7.56 (d, J = 7.9 Hz, 1 H),
7.82 (d, J = 7.9 Hz, 1 H). 
13C NMR (125 MHz, DMSO-d6): d = 22.6, 118.7, 123.8, 137.5,
140.6, 142.1, 146.7, 147.5. 

HRMS: m/z calcd for C8H7Cl2N: 186.9956; found: 186.9956.

2,6-Dichloro-3-(2-methyloxiran-2-yl)pyridine (2a)
Styrene 6a (4.10 g, 21.8 mmol) was dissolved in CH2Cl2 (120 mL)
and MCPBA (70%, 10.8 g, 43.6 mmol) was added in portions. The
reaction was stirred at r.t. for 20 h, then diluted with CH2Cl2 and
extracted three times with a cold 1 N NaOH solution. The organic
layer was dried over sodium sulfate and the solvent was evaporated
to yield the epoxide (3.6 g, 81%) as a light yellow oil. 

Scheme 5 Regioselectivity of the cyclization. Reagents and conditions: a) 1. H2O2, CF3CO2H, reflux, 2. H2SO4–AcOH (1:3), 130 °C, 3.
POCl3, CHCl3, reflux; b) MCPBA, CH2Cl2, reflux; c) BnNH2, 1-butanol, 120 °C.
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1H NMR (300 MHz, DMSO-d6): d = 1.59 (s, 3 H), 2.85 (d,
J = 4.9 Hz, 1 H), 3.07 (d, J = 4.9 Hz, 1 H), 7.59 (d, J = 7.9 Hz, 1 H),
7.94 (d, J = 7.9 Hz, 1 H). 
13C NMR (125 MHz, DMSO-d6): d = 21.4, 53.8, 56.1, 123.7, 135.2,
141.0, 147.2, 148.0. 

HRMS: m/z calcd for C8H7Cl2NO: 202.9905; found: 202.9895.

1-Benzyl-6-chloro-3-methyl-1H-pyrrolo[2,3-b]pyridine (1c)
Epoxide 2a (120 mg, 0.59 mmol) and benzylamine (126 mg,
1.18 mmol) were heated to 110 °C in 1-butanol (0.5 mL) for 3 h.
Subsequently, 4 N HCl (1 mL) was added, and the mixture was
stirred at r.t. for 4 h). The mixture was basified with 1 N NaOH and
extracted three times with CH2Cl2. The combined organic layers
were dried over sodium sulfate and the solvent was evaporated. The
crude product was purified by preparative HPLC to yield 100 mg
(66%) of the title compound. 
1H NMR (400 MHz, DMSO-d6): d = 2.25 (s, 3 H), 5.37 (s, 2 H),
7.13 (d, J = 8.1 Hz, 1 H), 7.20 (d, J = 7.1 Hz, 2 H), 7.24–7.33 (m, 3
H), 7.38 (s, 1 H), 8.01 (d, J = 8.1 Hz, 1 H). 
13C NMR (125 MHz, DMSO-d6): d = 9.37, 46.9, 108.9, 114.7,
119.2, 126.8, 127.1, 127.3, 128.5, 130.2, 138.0, 143.1, 146.0. 

HRMS: m/z calcd for C15H13ClN2: 256.0767; found: 256.0770. 

6-Chloro-1-cyclopentyl-3-phenyl-1H-pyrrolo[2,3-b]pyridine 
(1j) 
The compound was prepared analogously to 1c from 2b. 
1H NMR (400 MHz, DMSO-d6): d = 1.67–1.80 (m, 2 H), 1.86–2.00
(m, 4 H), 2.11–2.22 (m, 2 H), 5.16 (quint, J = 7.4 Hz, 1 H), 7.22 (d,
J = 8.3 Hz, 1 H), 7.28 (t, J = 7.3 Hz, 1 H), 7.45 (t, J = 7.3 Hz, 2 H),
7.73 (d, J = 7.3 Hz, 2 H), 8.08 (s, 1 H), 8.33 (d, J = 8.3 Hz, 1 H). 
13C NMR (125 MHz, DMSO-d6): d = 23.6, 32.1, 54.7, 114.3, 115.9,
116.5, 124.3, 126.0, 126.3, 128.8, 131.0, 134.0, 143.1, 146.5. 

HRMS: m/z calcd for C18H17ClN2: 296.1080; found: 296.1069.
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