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Letters
An efficient one-pot synthesis of annulated pyridines utilising a
directed ortho-metallation/transmetallation approach
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Abstract—The ortho-alkylation of Boc-protected aminopyridines with a,x-dihaloalkanes followed by in situ cyclisation, resulted in
the corresponding annulated pyridine derivatives in good to excellent yields. The effect of the alkylating and chelating agents, the
transmetallation additives and the directing group was examined.
� 2004 Elsevier Ltd. All rights reserved.
Substituted pyridines and their annulated derivatives
represent an important class of organic compounds,
being fully represented in a plethora of natural products1

and pharmaceutical applications.2 As part of an ongoing
research effort aimed at the preparation of avb3 integrin
antagonists,3 we recently required an efficient and robust
synthesis of compounds with the general structure 2.
Various methods for the preparation of 2,3-dihydro-1H-
pyrrolo[2,3-b]pyridines,4 1,2,3,4-tetrahydro-1,8-naph-
thyridines5 and 2,3,4,5-tetrahydro-1H-pyrido[2,3-b]aze-
pines6 have been reported in the literature.
Unfortunately, most of these methods require several
steps and are inefficient. Obviously, a universal synthetic
method, which allows entry into these annulated systems
would be highly desirable. We envisaged a general
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strategy based on the directed ortho-metallation (DoM)
of compounds of type 1. Alkylation of deprotonated 1
with a,x-dihaloalkanes followed by in situ cyclisation
should furnish the desired bicyclic product 2 (Scheme 1).
The organic literature is replete with examples of the
DoM reaction on aromatic substrates.7 The methodol-
ogy has been less well utilised in p-deficient heteroaro-
matics, however, mainly due to side reactions involving
nucleophilic addition of the alkyllithium reagent to the
azomethine bond of the azine. Reed et al. have reported a
DoM approach, which provided 1,2,3,4-tetrahydro-1,6-
naphthyridines in low yield. The approach reportedly
failed, however, when applied to the preparation of the
1,2,3,4-tetrahydro-1,8-naphthyridine 2c, giving �a num-
ber of unidentified products�.8
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Table 1.
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1a, X=H, R=H
1b, X=Cl, R=H
1c, X=H, R=Me
1d, X=Cl, R=Me

2a, X=H, n=1; 2b, X=Cl, n=1
2c, X=H, n=2; 2d, X=Cl, n=2
2e, X=H, n=3; 2f, X=Cl, n=3
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Substrate 1 R–Li Additive Copper(I) halide Electrophile Product 2 Yield%a

1a s-BuLi TMEDA –– Cl(CH2)2I 2a 0

1a s-BuLi TMEDA –– Cl(CH2)3I 2c 54

1a s-BuLi TMEDA –– Cl(CH2)4I 2e 55

1d n-BuLi –– –– Cl(CH2)2I 2d 0

1c n-BuLi –– –– Cl(CH2)3I 2e 86

1c n-BuLi –– –– Cl(CH2)2Br 2c 0

1b n-BuLi TMEDA –– Cl(CH2)4Br 2f 51

1b n-BuLi TMEDA –– Cl(CH2)3I 2d 51

1b n-BuLi TMEDA –– Cl(CH2)4I 2f 85

1b n-BuLi TMEDA –– MeI 1d 91

1b n-BuLi TMEDA CuCl Cl(CH2)3I 2d 95

1b n-BuLi TMEDA CuBr Cl(CH2)3I 2d 94

1b n-BuLi TMEDA CuBrÆMe2S Cl(CH2)3I 2d 94

1b n-BuLi TMEDA CuI Cl(CH2)3I 2d 98

1b n-BuLi TMEDA CuBrÆMe2S Cl(CH2)4I 2f 90 (86)

1b n-BuLi TMEDA CuBr Cl(CH2)2I 2b 57

1b n-BuLi TMEDA CuBrÆMe2S Cl(CH2)2I 2b 52

1a n-BuLi TMEDA CuBrÆMe2S Cl(CH2)2I 2a 45

aYield refers to HPLC assay yield, obtained by comparison with an isolated pure standard. Yield in parenthesis refers to isolated yield, obtained by

silica gel chromatography.
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In this paper we disclose two complementary DoM
methodologies for the construction of annulated
pyridines 2 starting from the readily available Boc-
protected aminopyridines 1a–b or aminopicolines 1c–
d.9 Previously in these laboratories, we have utilised
DoM methodology for the construction of the 7-az-
aindole nucleus starting from picoline derivative 1c.10

Indeed, selective lateral metallation of 1c can be
achieved with 2.2 equiv of n-BuLi at 0 �C in high
yield without the use of an additive such as TME-
DA. The dianion, thus formed, can be quenched with
simple electrophiles (MeI, DMF) in close to quanti-
tative yields. We were gratified to find that quenching
the resulting dianion at )78 �C11 with 1-chloro-3-
iodopropane resulted in complete (>99:1) conversion
to the corresponding chlorobutyl intermediate 3.
Warming the reaction mixture to reflux effected clean
ring closure to give the pyrido[2,3-b]azepine 2e in
86% overall yield.12

Attempts to extend the reaction to the preparation of
3,4-dihydro-1,8-naphthyridine 2c starting from 1c and
1-chloro-2-bromoethane were thwarted by lithium/bro-
mine exchange, which led to subsequent alkylation by
the remaining benzyl anion to give dimer 5 in 63% yield.
The fleeting presence of 4 could be demonstrated via a
cold hydrolytic quench and LCMS analysis. In the case
of the related 1d, we were unable to control the selec-
tivity of the alkylation. A complex mixture ensued, in
which the major product was identified as dimer 6 by
LCMS.
The latter two results led us to explore an approach
using Boc-aminopyridines 1a–b. The 3-H proton in 1a–b
is less acidic than the methyl protons in 1c–d. High
yielding lithiation could be achieved with a slight excess
(2.2 equiv) of an equimolar TMEDA/n-BuLi solution
for the more acidic 1b,13 whilst 1a required more forcing
conditions (TMEDA/n-BuLi at )10 �C or TMEDA/
s-BuLi at )78 �C). We found it beneficial in terms of
conversion to age the TMEDA/BuLi mixtures for
�30min at )20 �C prior to the addition of substrate 1.
Other potential chelating agents (A–E) and bases (LDA,
LiHMDS, i-PrMgCl) were screened, however,
none were as effective as the BuLi/TMEDA combina-
tion.14

The lithiation of 1b was cleaner than that of the
unsubstituted compound 1a, due to competing nucleo-
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philic addition of n- or s-BuLi to give the corre-
sponding dihydropyridine derivative. We were
delighted to find that alkylation of dilithiated 1b with
1-chloro-4-iodobutane was facile (90–95% conversion
to 3). Subsequent in situ ring closure yielded the pyr-
ido[2,3-b]azepine 2f in 85% overall yield.

Surprisingly, when this reaction was performed with
1-chloro-3-iodopropane, the conversion to intermediate
3 was poor with approximately equal amounts of
protonation and alkylation. As expected, ring closure
of the N-lithio species was more facile for the six-
membered ring, occurring in the 0–25 �C range and 2d
was isolated in 51% yield. We believe that the differ-
ence in performance between 1-chloro-3-iodopropane
and its methylene homologue, might have been due to
the higher acidity of the protons b to iodine in the
former. Since dilithiated 1b was also thought to be
more basic than dilithiated 1c, we decided to attenuate
the dianion�s basicity by transmetallation. Indeed,
transmetallation with any copper(I) halide (CuCl,
CuBr, CuBrÆMe2S and CuI proved to be equally
effective) followed by the addition of the a,x-dihalide,
resulted in excellent conversion of 1b (>99:1).15 Similar
results were seen in the unsubstituted series (70–80%
conversion of 1a). Subsequent in situ cyclisation gave
the desired annulated pyridines 2 in good to excellent
yields (Table 1).

In conclusion, we have demonstrated a facile and
general one-pot preparation of perhydro-1H-pyrido[2,3-
b]azacycloalkanes starting from either N-Boc amino-
picolines or pyridines. We have established that in
selected cases, transmetallation with Cu(I) halides can
overcome difficulties, which have previously been
observed in this area.8 Critically, the process performs
exceptionally well with a 6-chloro substituent in the
starting material, thus providing products, which can be
further functionalised via various coupling methods
(Suzuki, Sonogashira, Heck etc.).
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