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Abstract A range of azaindolines was prepared in three steps from
heterocyclic amines using halogenation, alkylation with 3-bromo-2-
methylpropene, and a palladium-catalysed reductive cyclisation. The
chemistry proved applicable to a multigram-scale operation.
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Indolines and azaindolines are well-known motifs in
natural products and medicinal chemistry.1–6 Preparations
of 3,3-dimethylindolines and azaindolines include radical
cyclisation,3,7–10 nucleophilic aromatic substitution,5 palla-
dium-catalysed α-arylation cyclisation and reduction,11

copper-catalysed intramolecular C–H amination,12 Fischer
indole synthesis with reduction of the initially formed ind-
olenine,13 alkylation of an oxindole with subsequent reduc-
tion,5,6,14 and an intramolecular palladium-catalysed reduc-
tive cyclisation.15 The work in this paper extends and ex-
pands the examples from the seminal work done by Larock
on palladium-catalysed reductive cyclisation.15

As part of our fragment-based drug-discovery16 efforts
in developing antagonists of inhibitor of apoptosis proteins
(IAP) for the treatment of cancer,17 we required a general
and efficient route for the synthesis of 3,3-dimethylindo-
lines and azaindolines bearing a halogen atom 1 (Figure 1),
for use as core scaffold intermediates.

We initially focused on the 5-azaindolines (Scheme 1)
and our initial synthesis, based on commercially available
6-chloro-1H-pyrrolo[3,2-c]pyridine, was low yielding and
not suitable for large-scale preparation because of a delayed
exotherm observed for the zinc reduction (step iii).17 In ad-
dition, the method was only suitable for the preparation of
5-azaindolines 1 (X = N, Y = Z = CH), and we required a gen-

eral route providing access to 4- and 7-aza, as well as diaza
analogues. Methodology from the Larock group makes use
of an intramolecular palladium-catalysed reductive cyclisa-
tion to synthesise 3,3-dimethylindolines from iodinated an-
iline starting materials.15,18 However, there have been very
few reports of the application of such methodology to the
synthesis of 3,3-dimethylaza- and diazaindolines.5 Further-
more, we required a method compatible with the presence
of a leaving group such as a halogen (as in 1) that could al-
low further elaboration. However, such substituents can
prove challenging for palladium-mediated chemistry.

This Letter reports the successful application of this
chemistry to synthesise a range of 3,3-dimethylindoline
and azaindolines (Scheme 2 and Table 1). Importantly, the
method proved compatible with the presence of a halogen
substituent allowing subsequent elaboration using
palladium-catalysed methods such as Negishi and Suzuki
reactions.17,30

The required dihalogenated heterocyclic amines were
either commercially available (Table 1, entries 1, 4, and 7)
or prepared from the monohalogenated derivatives using
N-iodosuccinimide (NIS) in acetonitrile at reflux or NIS in
acetic acid. Iodination of the 2-halo-4-aminopyridines in
acetonitrile gave a mixture of regioisomers which could be
separated by column chromatography (Table 1, entries 2
and 3). The iodination of 5-bromopyridin-3-ylamine (Table
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1, entry 5) was done in acetic acid as the solvent and gave a
mixture of monoiodinated and a di-iodinated product (42%
and 8% isolated yield, respectively) using 0.9 equivalents of
NIS.

Initially, we attempted alkylation of 2-chloro-5-iodo-
pyridin-4-ylamine with 3-bromo-2-methylpropene (1.1
equiv) using sodium hydride (1.1 equiv) as base in DMF giv-
ing a 53% yield. However, upon scale-up of the reaction, a
significant amount of a dialkylated product was observed.
By screening different reaction conditions we found the use

Table 1  Preparation 3,3-Dimethylindolines and Azaindolinesa

Entry Aniline Yield (%)c Alkene precursor Yield (%)c,g Cyclisation product Yield (%)c,i,m

1 NAb 37h 60

2 36d 76 89

3 33d 71 39j

4 NAb 79 87

5 42e 75 44

6 40f 57 48

7 NAb 52  0k

8 84l 63

a Reactions were done on multigram scale.
b NA = not applicable; starting material commercially available.
c Yields are isolated yields.
d NIS (1.1 equiv), MeCN (0.25 M), 82 °C.20

e NIS (0.9 equiv), AcOH (0.18 M).
f NIS (1.1 equiv), AcOH (0.18 M), r.t.
g Alkene precursor (1.0 equiv), H2C=C(CH3)CH2Br (1.2 equiv), KOt-Bu (1.2 equiv), THF (0.24 M), r.t.21

h Product contained 25% dialkylated impurity, yield calculated from 1H NMR.
i Cyclisation precursor (1.0 equiv), Et3N (3.0 equiv), HCO2Na (1.2 equiv), Pd(OAc)2 (5.0 mol%), n-Bu4NCl (1.2 equiv), PhMe (0.13 M), H2O (2.6 M), N2, 100 °C.22

j 8.0 mol% catalyst used.
k Dechlorination of starting material observed by mass spectroscopy.
l Boc protection: alkylated pyridazine (1.0 equiv, Table 1, entry 7), DMAP (1.0 equiv), Boc2O (1.0 equiv), THF, 60 °C, 2 h.
m Compounds were >95% pure by LC–MS and 1H NMR.23–29
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of potassium tert-butoxide and 3-bromo-2-methylpropene
in THF gave the cyclisation precursors in good yields over a
range of substrates with no appreciable dialkylation ob-
served upon scale-up (Table 1). The use of potassium tert-
butoxide was advantageous because it avoided the genera-
tion of flammable gas and the tert-butanol solvates the re-
sultant anion.

The reported conditions15,18 involved use of a polar sol-
vent (DMF) for the palladium-catalysed cyclisation. We
found that a toluene–water mixture was a suitable solvent
system for this process, with the advantage of more
straightforward workup and isolation. Using these modified
conditions, we successfully obtained a 3,3-dimethylindo-
line (Table 1, entry 1) and range of azaindolines with a halo-
gen substituent (Table 1, entries 2–6). In general, the reac-

tion was highly tolerant to changes to the heterocycle and
presence of an unprotected nitrogen giving acceptable
yields. However, the bromo-5-azaindoline (Table 1, entry 3)
was isolated in lower yield than the chloro-5-azaindoline
(Table 1, entry 2). Higher catalyst loadings (8 mol%), longer
reaction times and repeated addition of aliquots of catalyst,
sodium formate, phase-transfer reagent, and base were
needed for a complete reaction.

Of all the heterocylic precursors only the chloro pyra-
zine, (Table 1, entry 7, X = Y = N, Z = CH) failed to undergo
palladium-catalysed reductive cyclisation; by mass spectro-
metric analysis there was evidence for protodehalogena-
tion. It has been reported that aryl chlorides are difficult
substrates for such palladium-catalysed cyclisations.31 tert-
Butyl carbamate protection of the nitrogen resulted in a
successful cyclisation giving the tert-butyl carbamate pro-
tected diazaindoline (Table 1, entry 8) in 63% yield. The tert-
butyl carbamate diazaindoline was deprotected using HCl
in ethyl acetate to give the the chloropyridazine (Table 1,
entry 7, X = Y = N, Z = CH) in quantitative yield.29

We were keen to develop this chemistry for use at larger
scale (>100 g) to synthesise the 5-azaindoline (Table 1, en-
try 2). The initial iodination was modified to use iodine
monochloride as a replacement for NIS, leading to reduced
cost (Scheme 3). The reaction run on 250 g input of 4-ami-
no-2-chloropyridine gave a 1:1 mixture of regioisomers
that could be separated by column chromatography to give
the desired 5-iodo aniline in 33% isolated yield.32

Scheme 3  Synthesis of 5-azaindoline using iodine monochloride. Re-
agents and conditions: i) ICl, AcOH, 80 °C (33%); ii) a. H2C=C(Me)CH2Br, 
KOt-Bu, THF, 0 °C to r.t., b. 5 M HCl (quant.); iii) Pd(OAc)2, HCO2Na, 
n-Bu4NCl, Et3N, PhMe, H2O, 100 °C (66%).33

The alkylation of the iodinated aniline (Table 1, entry 2)
using potassium tert-butoxide and 3-chloro-2-methylpro-
pene in THF gave a quantitative yield of the cyclisation pre-
cursor after isolation as the hydrochloride salt without
need for chromatography. This salt was then used directly
in the palladium-catalysed reductive cyclisation with addi-
tion of an extra equivalent of base. Using toluene as solvent,
the reaction gave 75 g of the 5-azaindoline (Table 1, entry
2) in 66% yield and by using an diethyl ether–water parti-
tion as workup, we were able to again avoid the need for
chromatography.33

In summary, we have developed a three-step procedure
for the synthesis of 3,3-dimethylaza- and diazaindolines
from heterocyclic amines using halogenation, alkylation,
and palladium-catalysed reductive cyclisation. The proce-
dure provides key building blocks for the synthesis of IAP

Scheme 1  Original Synthesis of 5-aza indoline17. Reagents and condi-
tions: i) NaH, TMSCH2CH2OCH2Cl, DMF, 0 °C (82%); ii) C5H5N·HBr·Br2, diox-
ane, r.t. (58%);19 iii) Zn, NH4Cl (aq), THF, r.t. (75%);19 iv) LiHMDS, MeI, 
THF, –78 °C (51%); v) TFA, CH2Cl2, r.t. (67%); vi) BH3–Me2S, THF, 68 °C 
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Scheme 2  Preparation 3,3-dimethylindolines and azaindolines. Re-
agents and conditions: i) NIS, MeCN, 82 °C or NIS, AcOH, r.t. (36–48%); ii) 
H2C=C(Me)CH2Br, KOt-Bu, THF, r.t. (37–79%); iii) Pd(OAc)2, HCO2Na, 
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antagonists,17 and these compounds may be of general util-
ity for medicinal chemistry (e.g., as synthetic intermediates
or fragments16) and other applications.
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100 °C under a nitrogen atmosphere overnight. The mixture
was filtered whilst still hot and the solids rinsed with toluene
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(26) Cyclisation Product (Table 1, Entry 4)
1H NMR (270 MHz, CDCl3): δ = 7.09–7.06 (d, J = 8.0 Hz, 1 H),
6.51–6.48 (d, J = 8.0 Hz, 1 H), 5.05 (br s, 1 H), 3.37 (s, 2 H), 1.28
(s, 6 H). MS: m/z = 183 [M + H]+.

(27) Cyclisation Product (Table 1, Entry 5)
1H NMR (400 MHz, DMSO-d6): δ = 7.72–7.64 (m, 1 H), 6.87 (t, J =
2.2 Hz, 1 H), 6.05 (s, 1 H), 3.30 (m, 2 H), 1.20 (s, 6 H). MS: m/z =
228 [M + H]+.

(28) Cyclisation Product (Table 1, Entry 6)
1H NMR (270 MHz, CDCl3): δ = 7.74 (s, 1 H), 5.79 (br s, 1 H), 3.46
(s, 2 H), 1.35 (s, 6 H). MS: m/z = 184 [M + H]+.

(29) Cyclisation Product from HCl Deprotection (Table 1, Entry 7)
1H NMR (270 MHz, CD3OD): δ = 6.92 (s, 1 H), 3.79 (s, 2 H), 1.44
(s, 6 H). MS: m/z = 184 [M + H]+.
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NMR (400 MHz, DMSO-d6): δ = 7.75 (d, J = 5.5 Hz, 1 H), 6.53 (m,
3 H), MS: m/z = 255 [M + H]+.

(33) Larger-Scale Palladium Cyclisation
To a 10 L flange flask fitted with stirrer bar and nitrogen
inlet/outlet was added (2-chloro-5-iodopyridin-4-yl)-(2-meth-
ylallyl)amine hydrochloride (217 g, 0.629 mol), Pd(OAc)2 (7 g,
0.031 mol), sodium formate (51.3 g, 0.755 moles), TBACl (210 g,
0.755 mol), Et3N (350 mL, 2.52 mol), toluene (4.9 L), and H2O
(242 mL). The reaction mixture was heated at 100 °C (oil bath)
overnight after which time NMR confirmed no starting material
remaining, bulk material worked up. The reaction mixture was
cooled to r.t. and stood overnight. To the cooled reaction
mixture was added H2O (500 mL) and Et2O (2.5 L), organic layer
removed and aqueous re-extracted with Et2O (1.5 L). Organic
extracts combined, washed with sat. brine solution (1.5 L),
removed, dried over MgSO4, filtered, and evaporated to dryness
at 40 °C to give 6-chloro-3,3-dimethyl-2,3-dihydro-1H-pyr-
rolo[3,2-c]pyridine (76.2 g, 66%) as a yellow solid, the analytical
data matched those from the smaller scale.
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