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ABSTRACT

Selective monolithiation of dibromobiaryls, such as 2,2′-dibromobiphenyl, 4,4 ′-dibromobiphenyl, 2,7-dibromo-9,9-dioctylfluorene, 2,2 ′-dibromo-
1,1′-binaphthyl, and 5,5 ′-dibromo-2,2 ′-bithiophene, with 1 equiv of n-butyllithium followed by the reaction with electrophiles was achieved
using a microflow system by virtue of fast micromixing and precise temperature control. Sequential introduction of two different electrophiles
based on this method was also achieved using a microflow system composed of four micromixers and four microtube reactors.

Organolithium reagents serve as powerful tools in organic
synthesis, and preparations of organolithium compounds
based on a halogen-lithium exchange reaction have been
widely utilized in organic synthesis.1 Among them, selective
monolithiation of dihalobiaryls attracts significant research
interest.2 The resulting monolithiated compounds serve as
useful synthetic intermediates because the remaining halogen
atom can be utilized for further transformations. However,
halogen-lithium exchange reactions of dihalobiaryls usually
give a mixture of mono- and dilithiated compounds, even if
1 equiv of butyllithium is used. To solve this problem, we

envisaged that the use of a microflow system3,4 would be
effective.

Recent investigations revealed that selectivity of fast
competitive consecutive reactions could be significantly
improved using microflow systems.5 If a reaction is faster
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than mixing, the reaction takes place before the homogeneity
of the solution is achieved. This often happens in macro batch
reactors such as flasks. In such cases, arguments based on
kinetics do not work, and product selectivity is determined
by the manner of mixing (disguised chemical selectivity).6

To obtain a predictable selectivity close to a kinetically based
one, extremely fast mixing is necessary, and micromixing
based on short diffusion paths proved quite effective for this
purpose. Fast heat transfer by virtue of high surface-to-
volume ratios in microspaces makes precise temperature
control possible in highly exothermic reactions. It is also
important to note that short residence time7 in microflow
systems is quite effective in controlling extremely fast
reactions involving highly unstable intermediates such as
organolithium compounds.8,9

With such information in hand, we set out to investigate
halogen-lithium exchange reactions of dibromobiaryls, and
we report herein that selective monolithiation can be achieved
by extremely fast 1:1 micromixing of dibromobiaryls and
n-butyllithium using microflow systems.

It is known that Br-Li exchange reaction of 2,2′-
dibromobiphenyl (1) gives a significant amount of dilithiated
product in a conventional macro batch system (Scheme 1).10

To confirm this, we re-examined the Br-Li exchange
reaction of 1 with 1 equiv of n-BuLi in a flask (20 mL round-
bottom glass flask with a magnetic stirrer). The resulting
organolithium compounds were allowed to react with
methanol, and the yields of 2-bromobiphenyl (2, product

derived from monolithiation) and biphenyl (3, product
derived from dilithiation) were analyzed by GC. As shown
in Table 1, 2 was obtained with high selectivity at -78 °C,

but the yield was not very high. The selectivity decreased
with an increase in temperature, and a significant amount of
3 was obtained at higher temperatures.

In the next step, we examined the reaction using a
microflow system composed of two T-shaped micromixers
(M1 and M2) and two microtube reactors (R1 and R2)
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Scheme 1. Lithiation of 2,2′-Dibromobiphenyl with n-BuLi
Using a Conventional Macro Batch System

Table 1. Lithiation of 2,2′-Dibromobiphenyl Using a
Conventional Macro Batch System

temperature
(°C)

reaction
time
(min)

1
conversion

(%)

2
yield
(%)

3
yield
(%)

-78 60 94a 76 4
-48 10 86a 69 4
-27 10 81a 48 18

0 10 75a 36 25
24 10 66a 14 34

a 2-Bromo-2′-butylbiphenyl was produced as a byproduct (see the
Supporting Information).

Figure 1. Microflow system for lithiation of 2,2′-dibromobiphenyl.

Figure 2. Effect of temperature and residence time in lithiation of
2,2′-dibromobiphenyl using microflow systems. Flow rate of a
solution of 1: 6.00 mL/min. Flow rate of n-BuLi/hexane: 1.20 mL/
min. Flow rate of methanol: 3.00 mL/min.
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The results obtained with varying temperature (-78 ∼ 24
°C) and residence time in R1 (0.057 ∼ 13 s) are shown in
Figure 2. Residence time was controlled by changing the
inner diameter (φ) and the length (L) of R1 with the fixed
flow rate. It was surprising to find that high yields and high
selectivities were obtained even at 0 and 24 °C.

As shown in Table 2, the selectivity increases with a
decrease in the diameter of M1, presumably because faster
mixing can be achieved by a mixer of smaller diameter. The
selectivity also increased with an increase in the flow rate.
It is known that the mixing rate increases with an increase
in the flow rate for other types of micromixers.11 These
observations indicate that extremely fast 1:1 mixing in the
microflow system is responsible for selective monolithiation
at much higher temperatures than those required for macro
batch processes.

Under the optimized reaction conditions (reaction tem-
perature, 0 °C; residence time, 0.057 s), reactions of the
monolithiated intermediate with other electrophiles (0.30 M

in THF) were examined (Table 3). The reaction with
iodomethane gave 2-bromo-2′-methylbiphenyl in high yield
with high selectivity. Chlorotrimethylsilane, benzaldehyde,
and benzophenone were also effective as electrophiles, and
the corresponding products were obtained in high yields and
high selectivity.

Table 2. Effect of Flow Rate and Inner Diameter of M1 at 0
°Ca

flow rate
of a solution

of 1
(0.10 M)
(mL/min)

flow rate
of n-BuLi/hexane

(0.50 M)
(mL/min)

inner
diameter

of M1
(µm)

1
convn

(%)

2
yield
(%)

3
yield
(%)

6.00 1.20 250 97 88 3
3.00 0.60 250 90 80 7
1.50 0.30 250 76 57 15
0.600 0.120 250 69 41 19
6.00 1.20 500 93 77 7
6.00 1.20 800 79 62 9
a R1: φ ) 500 µm, L ) 3.5 cm, flow rate of methanol, 3.00 mL/min.

Table 3. Lithiation of 2,2′-Dibromobiphenyl Followed by the
Reaction with an Electrophile Using the Microflow Systema

a Flow rate of a solution of 1: 6.00 mL/min. Flow rate of n-BuLi/hexane:
1.20 mL/min. R1: φ ) 500 µm, L ) 3.5 cm. b R2: φ ) 1000 µm, L ) 200
cm. Flow rate of a solution of an electrophile: 4.00 mL/min. The conversions
were higher than 95% in all cases.

Table 4. Selective Monolithiation of Dibromobiaryls Followed
by Reactions with Electrophiles

a Microflow reactions were carried out under the following conditions
unless otherwise stated. R1: φ ) 500 µm, L ) 3.5 cm. R2: φ ) 1000 µm,
L ) 50 cm, flow rate of a solution of a dibromobiaryl, 6.00 mL/min; flow
rate of n-BuLi/hexane, 1.20 mL/min; flow rate of a solution of an
electrophile, 3.00 mL/min. b Yields of monosubstituted products. Yields
of disubstituted products are shown in parenthesis. c Reaction time: 60 min.
d Reaction time: 10 min. e 4-Bromo-4′-butylbiphenyl was produced as a
byproduct (13% yield). f R2: φ ) 1000 µm, L ) 200 cm, flow rate of a
solution of an electrophile, 4.00 mL/min. g 2-Bromo-7-butyl-9,9-dioctylfluorene
was produced as a byproduct (31% yield). h R1: φ ) 1000 µm, L ) 200
cm.

Figure 3. Microflow system for sequential introduction of two
electrophiles. R1: φ ) 500 µm, L ) 3.5 cm (residence time: 0.057
s). R2: φ ) 1000 µm, L ) 200 cm (residence time: 9.8 s). R3: φ
) 1000 µm, L ) 200 cm (residence time: 8.5 s). R4: φ ) 1000
µm, L ) 50 cm (residence time: 1.8 s).
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We next examined the reactions of other dibromobiaryls
such as 4,4′-dibromobiphenyl, 2,7-dibromo-9,9-dioctylfluo-
rene, 2,2′-dibromo-1,1′-binaphthyl,12 and 5,5′-dibromo-2,2′-
bithiophene using the microflow system. As summarized in

Table 4, monolithiation was achieved with high selectivity
even at 0 °C. Such high selectivity is difficult to obtain with
macro batch reactors at similar temperatures. In addition,
the resulting organolithium intermediate reacted with various
electrophiles to give the corresponding products in high
yields with high selectivity.

With successful monolithiation of dibromobiaryls followed
by the reaction with an electrophile in hand, sequential
introduction of two electrophiles (E1 and E2) into dibromo-
biaryls was examined using an integrated microflow system
composed of four T-shaped micromixers (M1, M2, M3, and
M4) and four microtube reactors (R1, R2, R3, and R4)
shown in Figure 3. The results are summarized in Table 5.
It is interesting to note that the use of an aldehyde (E1) and
methyl chlorocarbonate (E2) as electrophiles led to effective
formation of a seven-membered ring lactone.

In conclusion, we have developed an efficient method for
selective monolithiation of dibromobiaryls at 0 °C by virtue
of fast mixing in microflow systems. Electrophiles are
introduced on one of the aromatic rings with high selectivity.
Sequential introduction of two electrophiles by repeating the
transformation has also been achieved using the integrated
microflow systems. The method adds a new dimension in
the selective lithiation of polyhalobiaryls.
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Table 5. Sequential Introduction of Two Electrophilesa

a Reactions were conducted using the microflow system shown in Figure
3 unless otherwise stated. b Small amounts of several byproducts were
observed by 1H NMR, but they were not fully characterized. c R2: φ )
1000 µm, L ) 50 cm, benzaldehyde (0.30 M), methyl chlorocarbonate (0.30
M).
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