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Abstract: We describe herein the first Halogen Dance (HD) in 

continuous flow on 2-chloro-3-bromopyridine by trapping selectively 

(pyridin-4-yl)lithium species that is known to undergo halogen dance 

process. In addition, this lithiated intermediate was trapped at lower 

temperature before the HD occurs. The HD process has been 

extended to fluoro-iodopyridines using various electrophiles to afford 

28 examples with yields ranging from 42% to 97% with very short 

residence times. Finally, the scale up of the reaction was 

demonstrated, affording a promising space-time yield (STY) of 4.2 

kg.h
-1
.L

-1
. 

Introduction 

Pyridine motifs are important building blocks for organic 

chemists and is a prominent scaffold found in plethora of 

bioactive molecules (e.g. Lansoprazole, Crizotinib or 

Regorafenib).[1] Indeed, many pyridine derivatives have been 

shown to be efficient in the treatment of cancer, for instance.[2] 

Hence, the development of efficient methods to synthesize or to 

build-up polyfunctionalized pyridine derivatives is still of high 

demand to broaden the current arsenal of synthetic tool 

available to the organic practitioners. 

Continuous flow chemistry[3] is a well-recognized manifold to 

address transformations that are tedious to control in batch such 

as reactions involving highly reactive species (e.g. radicals, 

carbene or organolithium reagents). Among these reactions, 

tackling the formation of highly reactive and sensitive 

organometallic intermediates remains a challenge for organic 

chemists and within this context continuous flow process 

appears as a tool of choice. Indeed, the continuous flow 

conditions allow an easier and better control of the formation of 

these highly reactive species by adjusting thoroughly the 

residence time and the temperature of the reactor. This fine-

control of the parameters is facilitated with microreactors rather 

than with batch reactors.[4,5] Over the last few years, Yoshida and 

others studied the formation of organolithium species in 

microflow reactors and their subsequent trapping with various 

electrophiles, addressing major synthetic challenges.[6] 

Among these transformations involving highly reactive 

organolithium species, the halogen dance (HD),[7] which was 

widely studied on haloaromatics,[8] and heterocycles[9] is an 

appealing transformation to increase the molecular complexity. 

This particular reaction required a careful control of the reaction 

time and temperature, and is therefore an excellent candidate to 

develop under continuous flow to facilitate its scale-up and 

possible use in large scale. Indeed, the deprotolithiation of 

halogenated (hetero)aromatic derivatives provides access to 

different organolithium intermediates (kinetic or thermodynamic), 

depending on the reaction conditions, since the dance of the 

halogen atom is driven by the stability of the resulting 

organolithium species. Herein, we aimed at controlling the 

selective formation of these species by taking advantage of the 

continuous flow chemistry, which would allow a perfect control of 

the residence time and the reaction temperature. Concerning 

pyridine derivatives, the halogen dance reaction was mostly 

studied by Quéguiner and co-workers on halopyridines (Scheme 

1 eq. (a) & (b)).[10,11] The reaction with 2-halo-3-bromo and 2-

halo-3-iodopyridine, carried out in batch with LDA (lithium 

diisopropylamine) as the base, required very low reaction 

temperature (-70 °C) to minimize the side-products formation. 

Indeed, the products resulting from the HD (i.e. the 4-

halopyridines) were highly sensitive to the presence of the base 

at higher temperature. These prerequisites to succeed in the HD 

reaction on pyridines, strongly hamper its application on a large 

scale, despite its undisputable synthetic interest in the 

elaboration of polyfunctionalized pyridine derivatives. 

It is also important to mention the recent report from Nagaki, 

who reported the continuous flow deprotolithiation using LDA on 

2,3- and 2,5-dibromothiophene derivatives (Scheme 1, eq (c)).[12] 

This report clearly highlighted the challenging and tedious 

control of the formation of lithiated species, even in continuous 

flow at very low temperature and with very short residence times. 

As a part of our ongoing interest in the development of 

continuous flow transformations,[13] we sought to develop an 

efficient and general method to control the lithiation on 

halopyridines in continuous flow, either by trapping the initial 

lithiated species A or by promoting the HD event (Scheme 1, eq 

(d)). 

mailto:thomas.poisson@insa-rouen.fr
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Scheme 1. State of the art and Present work.

Results and Discussion 

At the beginning of this project, we selected the commercially 

available 2-chloro-3-bromopyridine 1 as the model substrate to 

study the deprotometalation reaction. At the outset of our 

investigations, we paid attention on the effect of the reaction 

temperature and of the residence time, which are known as 

crucial parameters in organolithium chemistry.[14] Indeed, we 

conjectured that these two crucial parameters would permit to 

finely control the selectivity of the reaction toward either the HD 

product or the product resulting from the deprotolithiation, i.e. 

the most difficult to access. First, the temperature of the reaction 

with 1 and LDA was studied. We investigated the formation of 

the intermediate A, in equilibrium with the product B, generated 

in the presence of LDA and its subsequent trapping with 

deuterated methanol as the electrophile at various temperatures 

to control the selectivity of the metalation reaction 2f (Scheme 

2A). As initial conditions to start our endeavor, we fixed the flow 

rate of the 0.3 M solution of 2-chloro-3-bromopyridine in THF to 

3.3 mL/min. The freshly prepared 1.0 M solution of LDA was 

setting to a flow rate of 1.0 mL/min (1.0 equiv.) and the 4.0 M 

deuterated methanol solution in THF to 1.0 mL/min (4 equiv.). 

First, the temperature of the reactor was set at -78 °C and a 

21% conversion into the 4-D-pyridine 3f, resulting from the 

ortho-lithiation of the starting material 1, was measured without 

trace of the expected compound 2f (Scheme 2A, entry 1). Then, 

we screened different temperatures from –60 to 0 °C. We 

noticed that the selectivity of this reaction was highly 

temperature dependent. Indeed, at lower temperature (–60 °C) 

the major product was the 2-chloro-3-bromo-4-d-pyridine 3f 

(Scheme 2A, entry 2), while at –20 °C the desired HD product 2f, 

resulting from the halogen dance turned out to be the major one, 
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Scheme 2. A. Study of the temperature effect – Proof of concept. Ø1 mm PFA tubing. 
a
 Determined by 

1
H NMR using nitromethane as internal standard. B.  

Optimization of halogen dance on 2-chloro-3-bromopyridine. 
[a]

 Determined using MeNO2 as 
1
H NMR internal standard. 

[b]
 Isolated yield. 

[c]
 [Electrophile] = 0.3 M, 

QC = 5 mL/min, VC = 3 mL. 
[d] 

QC = 4 mL/min (2 equiv.). C.  Batch vs continuous flow experiments. Ar = 3,4,5-(OMe)3-C6H2.

clearly showcasing the deprotolithiated product as the kinetic 

product and the HD product as the thermodynamic one (Scheme 

2A, entry 4). Encouraged by this promising result, we thought to 

develop a divergent process allowing either access to the 

functionalized 3-halo or to the 4-halo regioisomer by adjusting 

the reaction temperature. Following the proof of concept 

obtained with methanol-D4 (Scheme 2A, entry 4), we moved on 

the optimization of the halogen dance reaction conditions by 

adjusting several parameters such as the residence time, 

concentrations, and flow rates as well as the stoichiometry of the 

electrophile (Scheme 2B). As part of the development of a 

divergent process, we also have optimized the reaction 

conditions allowing access to the 4-regioisomer 3.[15] The flow 

rate of the 2-chloro-3-bromopyridine solution (0.167 M in THF) 

was setting at a 6.0 mL/min flow rate. The concentration of the 

LDA solution was unchanged and the 0.5 M electrophile solution 

in THF (1.5 equiv.) was set to 3.0 mL/min flow rate. For practical 

reasons, the 3,4,5-trimethoxybenzaldehyde was chosen as a 

model electrophile. The variation of the residence time (tR1) 

allowed us to demonstrate that the formation of the desired HD 

product 2a as well as the complete conversion of the starting 

material was favored with a residence time of 25 seconds 

(Scheme 2B, entries 1-4). Then, a survey of the temperature of 

the reaction was achieved. The optimal temperature was –20 °C, 

since experiments carried out at –10 °C or –30 °C did not 

improve the conversion of 1 into the HD product 2a (Scheme 2B, 

entries 5-6). Similarly, the variation of the LDA or electrophile 

stoichiometry did not improve the efficiency of the process 

(Scheme 2B, entries 7-10).  

Prior the extension and the evaluation of the scope of the 

reaction, we decided to showcase the efficiency and the added 
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value of the developed reaction through the comparison of the reactions carried out in continuous flow vs batch conditions to  

 

Scheme 3. Continuous flow halogen dance on 2-chloro-3-bromopyridine.
 [a]

 The same yield was obtained using commercially available LDA 1.0 M in 

THF/hexanes. 

access the product 2a (Scheme 2C). In that purpose, we ran two 

experiments at –78 °C and –20 °C (the most efficient 

temperature in flow conditions, see Scheme 2B, entry 3) in batch 

keeping the same reaction times as those in flow (tR1 = 25 s and 

tR2 = 12 s).[15] At -20 °C, a mixture of  29% of 2a with 14% of 2e 

and 10% of 3a (total conversion of 1)  was obtained. Moreover, 

the crude reaction mixture was quite messier than the one 

resulting from the reaction conducted under continuous flow. At 

–78 °C, merely 46% conversion was observed with 2% of the 

expected pyridine 2a and 44% of the 4-functionalized 3-

halopyridine 3a. These observations highlighted two major 

points: 1) the regioselectivity of the process is dependent of the 

reaction temperature, even in batch, and 2) the use of 

continuous flow chemistry is significantly powerful for such 

transformation, shortening the reaction time, while allowing an 

increase of the reaction temperature (–20 °C compared to –

78 °C used in the literature for HD processes), which allows a 

possible implementation of the process at a larger scale. 

Then, having these optimized flow conditions in hand, we 

evaluated the scope of this continuous flow halogen dance 

protocol (Scheme 3). The use of different benzaldehyde 

derivatives as the electrophile was well tolerated to afford 

corresponding HD products with moderate to good yields, as a 

single regioisomer (2a-d). The presence of other functional 

groups such as a bromine atom or a nitrile group did not affect 

the efficiency of the reaction, and no side-product resulting from 

the presence of these substituents was identified in the crude 

reaction mixture. It is also important to note that commercially 

available 1.0 M LDA in THF/hexanes could be use without loss 

of efficiency instead of freshly prepared LDA. Methanol and 

methanol-d4 were used to protonate or deuterate, respectively, 

the pyridin-3-yllithium species A in moderate to good yields (2e-

f). Thereafter, other electrophiles were tested like iodomethane, 

trimethylsilyl chloride, tri-n-butyltin chloride as well as 

diphenyldisulfide to access the corresponding pyridines 2g-j with 

good yields. It is important to mention that the presence of a 

chlorine atom at the 2 position on the pyridine ring is known to 

alter the halogen dance reaction, as proved by Quéguiner and 

co-workers.[11b] Indeed, in contrast to the 2-fluoro analogue, the 

pyridine-3-yl lithiated species is less stable, since it is prone to 

form the corresponding 2,3-pyridyne, which could explain some 

moderate yields on this 2-chloropyridine series.  

To pursue our work on 2-chloro-3-bromopyridine, we extended 

the process to the formation of other regioisomer, i.e. the 4-

substituted-3-bromo-2-chlorpyridines by performing the reaction 

at –60 °C (Scheme 4).
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Scheme 4. Continuous flow deprotolithiation with LDA on 2-chloro-3-bromopyridine.

Thus, to conduct this reaction we have slightly modified the 

previously optimized conditions (Table 2, entry 3). The residence 

time tR1 has been increased to 64 seconds and the 

concentration of the electrophile decreased to 0.3 M to avoid 

any issue of crystallization in the tubes at –60 °C for solid 

electrophiles such as 3,4,5-trimethoxybenzaldehyde and 

diphenyldisulfide. To keep the same pyridine/electrophile ratio, 

the flow rate (QC) was adjusted to 5.0 mL/min (1.5 equiv.) 

without loss of efficiency. 

With this set of conditions in hand, we were able to demonstrate 

the robustness of our methodology with a selection of 

electrophiles to trap the pyridin-4-yllithium A.  

 

Scheme 5. Continuous flow halogen dance on 2-fluoro-3-iodopyridine (4) and 3-fluoro-4-iodopyridine (6). 
[a]

 [Electrophile] = 1.67 M, t
R2

 = 29.4 s. 
[b]

 6 was used. 
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Scheme 6. Large scale continuous flow halogen dance on 2-fluoro-3-iodopyridine trapped with 3,4,5-trimethoxybenzaldehyde.

The corresponding pyridines derivatives were obtained in good 

(3e) to excellent yields (3a-d) as a single regioisomer.  

To further expand our methodology, we moved on to the study 

of the continuous flow lithiation of the 2-fluoro-3-iodopyridine 4 

(Scheme 5). To start our investigations, we trapped the pyridin-

3-yllithium species D with the electrophile which has previously 

proven to be the most efficient, the 3,4,5-

trimethoxybenzaldehyde. Interestingly, the result turned out to 

be excellent, giving access to the corresponding pyridine 5a with 

95% isolated yield. Subsequently, to evaluate the efficiency of 

our protocol, the reaction was extended to the introduction of 

other electrophiles. We tested some electrophiles previously 

used in the functionalization of pyridine 1 such as benzaldehyde 

(5b), methanol (5c), methanol-d4 (5d), iodomethane (5e), 

trimethylsilyl chloride (5f) and diphenyldisulfide (5g). All yields 

were very good to excellent (84-95%) except for the silylated 

derivative 5f, for which a good yield of 72% was obtained. 

Afterward, we selected other electrophiles like ethyl 

cyanoformate (5h) and allyl bromide (5i) to further broaden the 

scope of the reaction. While the yield of the ethyl 2-fluoro-3-

iodonicotinate 5h was fairly good, we had to slightly adjust the 

reaction conditions to obtain 5i with a decent yield of 80%. In 

fact, the concentration of the electrophile solution in THF was 

increased to 1.67 M and the volume of the second reactor was 

changed to 5 mL (tR2 = 29.4 s) to avoid as much as possible the 

formation of an impurity resulting from the protonation of the 

lithiated intermediate D (product 5c). Finally, we tested the 

reaction of the 3-fluoro-4-iodopyridine 6 as a new substrate with 

the 3,4,5-trimethoxybenzaldehyde as the electrophile. The 

desired product was isolated with an excellent 90% isolated 

yield (7). As with the 2-chloro-3-bromopyridine, we tried to trap 

the intermediate C at –60 °C, prior the halogen dance, using the 

previously optimized conditions (Scheme 4). Unfortunately, we 

have not been able to promote the direct trapping of the kinetic 

lithiated species. This reaction demonstrated that the HD 

process was much faster on the 2-fluoro-3-iodopyridine affording 

to a mixture of the starting pyridine 4 (22%), the HD product 5a 

as the major product (68%) and the expected compound in a 

very low amount (10%). Unfortunately, all attempts to favor the 

trapping of the kinetic lithiated species were unsuccessful, 

clearly highlighting the fast formation of the thermodynamically 

favored lithiated species 5a, even at very low temperature, 

within short residence time. This result showcases a limitation of 

the reported methodology under continuous flow conditions. 

Finally, we aimed at demonstrating the synthetic interest of our 

methodology. Indeed, it is well recognized that the 

implementation of process on large scale using lithiated species 

might be tedious, particularly due to the use of drastic cryogenic 

conditions and the accumulation of highly reactive and/or 

pyrophoric species. Hence, we showcased the possible 

implementation of this protocol on a larger scale. In order to 

ensure the practicality of our new method, we investigated the 

continuous halogen dance with a run time of 30 min (equivalent 

to 30 mmol, QA = 1 mmol/min) with our optimized flow conditions 

on 2-fluoro-3-iodopyridine trapped by 3,4,5-

trimethoxybenzaldehyde (Scheme 6). In that purpose, we took 

advantage of Syrris ASIA pumps in order to engage a larger 

amount of solution, unlike the syringe pumps used up 

previously.[15] Pleasingly, we were able to obtain the desired 

pyridine 5a with an excellent 1H NMR yield of 95% and a very 

good isolated yield of 84% (10.5 g in 30 minutes). Note that no 

clogging, nor leak within the reaction setup has been witnessed. 

Pleasingly, using these conditions the production is 21 g per 

hour and the space-time ratio is 4.2 kg per hour per liter. It also 

should be noted that the THF used here is commercially 

available dry THF and not the freshly distilled THF previously 

used, without loss of efficiency.[15] 

  

Conclusion 

In conclusion, we developed herein the selective lithiation of 2,3-

dihalopyridines, under continuous flow conditions. Pleasingly, 

depending on the reaction conditions, we have been able to 

selectively trap the thermodynamically favored pyridine-4-

yllithium species, resulting from the halogen dance, with various 

electrophiles. The products were isolated with good to excellent 

yields as single regioisomers. A simple adjustment of the 

reaction temperature allowed the trapping of the kinetically 

favored lithiated species, which after trapping with various 

electrophiles led to the 4-functionalized-2,3-dihalopyridine 
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derivatives in excellent yields. In summary, we took advantage 

of the continuous flow chemistry to control the selectivity of the 

lithiation of 2,3-dihalopyridine toward either the deprotolithiation 

product or the HD product. This methodology represents a 

unique example of selective lithiation of pyridine derivatives 

under continuous flow. We believe that this novel protocol will 

find application in process and inspire further developments in 

the field to forge compounds of interest. 
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