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Selective nucleophilic addition of aryllithium
reagents to a-ketonitriles giving ketones under
microflow conditions

Mohmmad S. Qenawy, Kazuhiro Okamoto and Aiichiro Nagaki *

We report the selective nucleophilic addition of aryllithium species

to acyl cyanides—electrophiles bearing both carbonyl and cyano

functional groups—under catalyst-free continuous flow conditions.

Using benzoyl cyanide as a model substrate, we demonstrate that

the flow microreactor system enables highly selective addition to

the carbonyl moiety while eliminating the cyano group as a leaving

group, affording polyfunctional ketones in significantly improved

yields compared to traditional batch processes.

The acylation of organometallic intermediates with acid chlorides
represents a classical and widely utilized strategy for the syn-
thesis of polyfunctional ketones, which are key structural motifs in
numerous pharmaceuticals and materials science applications.1–3

A broad spectrum of organometallic reagents—including organo-
manganese, organozinc, and organomagnesium compounds—
have been developed and applied in acylation reactions.4–8

While organomanganese reagents have demonstrated particular
utility in such transformations, polyfunctional organozinc
reagents, especially when combined with stoichiometric copper
reagent9–11 or palladium catalysis, have also enabled efficient
access to functionalized ketone frameworks.12,13 The preparation
of functionalized arylzinc species remains synthetically
challenging,14 often necessitating cobalt catalysis15–17 or the use
of highly reactive activated zinc.18–20 Arylmagnesium halides can
be readily generated via halogen–magnesium exchange methods
and have been successfully employed in the synthesis of multi-
functional diarylketones through acylation reactions.21–23 Pre-
vious studies have demonstrated moderate success in these
transformations, with yields typically ranging from 50% to 58%
when employing benzoyl chloride as the electrophile, despite
optimization efforts and catalyst screening.24–39 These results
align with broader literature observations indicating that
acylation of organometallics with acid chlorides often proceeds
with only moderate efficiency.3 A significant improvement in
acylation efficiency was achieved by replacing acid chlorides with

acyl cyanides.40–42 Acyl cyanides exhibit enhanced electro-
philicity due to the strong electron-withdrawing nature of the
cyano group.

Unlike the chlorine substituent in acid chlorides, the cyano
group withdraws electron density from the adjacent carbonyl,
thereby increasing its susceptibility to nucleophilic attack
(Scheme 1).43 Given the high reactivity of organolithium species
and their propensity for over-addition or decomposition under
conventional batch conditions, we hypothesized that flow micro-
reactor technology could overcome these limitations by offering
rapid mixing, precise temperature control, and minimized resi-
dence times.44–65 Here we report the unique reactivity of acyl
cyanides towards aryllithium reagents under microflow condi-
tions. While prior studies predominantly focused on organomag-
nesium species using batch processes, the chemoselectivity of
highly reactive aryllithium intermediates toward bifunctional
electrophiles bearing both carbonyl and cyano groups remains
underexplored under flow microreactor systems.66

Initial study begun with the investigation of the chemo-
selectivity of aryllithium reagents toward bifunctional electro-
philes bearing both carbonyl and cyano groups under flow
conditions, employing benzoyl cyanide as a model electrophile
(Scheme 2). In a batch reactor system, aryllithium intermedi-
ates were generated in situ via halogen–lithium exchange
between bromobenzene and n-butyllithium (n-BuLi) at
�78 1C, followed by the reaction with 1 equiv. of benzoyl
cyanide (Scheme 1). The desired benzophenone (3aa) was
obtained in 15% yield because of nucleophilic addition of the
aryllithium species to the carbonyl group of benzoyl cyanide,
accompanied by the formation of triphenylmethanol (4aa) in

Scheme 1 Reaction pathways for nucleophilic addition of Ar1Li to acyl
cyanide Ar2COCN.
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42% yield. Given the high reactivity of organolithium species,
any unreacted aryllithium species could readily undergo sec-
ondary addition to the ketone intermediate.

The same transformation was subsequently examined under
continuous flow conditions utilizing a microreactor system
composed of two T-shaped micromixers and two microtube
reactors (Scheme 3). A systematic investigation of the reaction
temperature was conducted wherein the temperature at the
second micromixer was varied between 0 1C and �78 1C. A
pronounced temperature dependence was observed, whereby
both the yield of the desired product 3aa and the overall chemo-
selectivity were markedly enhanced under flow conditions relative
to the corresponding batch reaction. The reaction yield progres-
sively increased as the temperature decreased, reaching a max-
imum at �78 1C, at which the highest yield and selectivity were
obtained (Fig. 1). These findings underscore the critical role of
low-temperature operation in optimizing reaction efficiency
under flow conditions. Importantly, to evaluate the practical
applicability of the protocol, a gram-scale experiment was per-
formed under the optimized flow conditions, affording product
3aa in 87% isolated yield. This result demonstrates the scalability
and synthetic utility of the methodology (see SI, p. S4, for details). A
series of experiments were conducted wherein the total flow rate
was maintained constant at 10.5 mL min�1, while the internal
diameter of micromixer M2 was systematically varied. As the
diameter increased, both the yield of product 3aa and the overall
selectivity decreased (Fig. 2), underscoring the critical importance
of efficient mixing. Notably, the highest yield was obtained using a
micromixer with an inner diameter of 250 mm at a flow rate of
10.5 mL min�1.

With the optimized conditions established, we subsequently
explored the scope of the reaction by employing a range of

aryllithium reagents bearing various electrophilic functional
groups, with particular emphasis on evaluating the influence of
steric hindrance (Table 1). Reactions involving benzoyl cyanide
and aryllithium reagents substituted with either electron-
donating or electron-withdrawing groups furnished the desired
products in yields ranging from 71% to 90%. Aryllithium
species bearing electron-donating substituents such as methyl,
methoxy and isobutyl groups were well tolerated under the
optimized flow conditions and consistently delivered the
corresponding diaryl ketones in high yields, indicating that
increased electron density on the aromatic ring does not
adversely affect the nucleophilic acylation process. For exam-
ple, the reaction of (4-cyanophenyl)lithium with benzoyl cya-
nide afforded product 3ae in 71% yield. These high yields are
attributed to the advantages of the flash microflow system,
which facilitates the efficient generation and immediate con-
sumption of short-lived aryllithium intermediates through
rapid mixing and precise control over temperature and resi-
dence time, thereby minimizing byproduct formation. Further-
more, the applicability of this methodology was confirmed by
extending the protocol to other a-keto nitriles, such as acetyl
cyanide and ethyl cyanoformate, which similarly afforded high
yields under flow conditions.

Scheme 2 Reaction of benzoyl cyanide (1a) and PhLi generated from
bromobenzene (2a).

Scheme 3 A flow microreactor system for reaction of benzoyl cyanide 1a
and an aryllithium reagent generated from aryl halide 2a. T1 = 0 1C. When
total flow rate is 10.5 mL min�1, t1 = 1.7 s, t2 = 2.2 s.

Fig. 1 A flow microreactor system for reaction of benzoyl cyanide (1a)
and PhLi generated from bromobenzene (2a): the effect of the
temperature.

Fig. 2 A flow microreactor system for reaction of benzoyl cyanide (1a)
and PhLi generated from bromobenzene (2a): the effect of the mixing.
Flow rate at M2 : 10.5 mL min�1. Reaction’s temperature: T2 = �78 1C.
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Table 1 Selective reaction of a-Keto nitriles 1 with organolithium reagents generated from aryl halides 2 using flow microreactors

a-Keto nitriles Aryl Halide Product Yield (%)

90
74
80
75
71

77

53

54

76
72
70
62

61

65
64
64
74

62

77

56
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The generation of highly short-lived aryllithium species invol-
ving nitro and alkoxycarbonyl moieties presented considerable
challenges due to the well-documented instability of the corres-
ponding nucleophilic intermediates, which are prone to rapid
decomposition under conventional batch conditions.65 For the
generation of nitrophenyllithium species, freshly generated PhLi
with microflow mixing was immediately transferred to micro-
mixer M2, maintained at �40 1C, where it underwent halogen–
lithium exchange with p-nitrophenyl iodide (2f), affording the
desired aryllithium intermediate (Scheme 4a).

The acylation of meta- and para-substituted ethyl iodobenzo-
ates presented significant synthetic challenges, largely due to
their reduced reactivity under conventional halogen–lithium
exchange conditions.

Efficient activation of these substrates could not be achieved
using standard protocols. Subsequent nucleophilic addition to a-
ketonitriles (1) was performed at micromixer M3 under a range
of temperatures, with optimal results obtained at �78 1C, afford-
ing the desired product in excellent yields of 61–77% with high
chemoselectivity. Specifically, ethyl iodobenzoates required acti-
vation with sBuLi instead of BuLi, and the exchange needed to be
performed at �60 1C rather than 0 1C to ensure efficient
generation of the corresponding aryllithium intermediates
(Scheme 4b). Furthermore, we extended the methodology to
reactions between ethyl 4-iodobenzoate (2h) and a-keto nitriles
bearing electronically diverse substituents, including 4- methoxy-
benzoyl cyanide (1d) as an electron-donating group and 4-
chlorobenzoyl cyanide (1e) as an electron-withdrawing group.
In both cases, the corresponding products were obtained in good

yields without the use of any catalyst, demonstrating the general-
ity and robustness of the catalyst-free flow protocol across
electronically distinct substrates.

Table 1 (continued )

a-Keto nitriles Aryl Halide Product Yield (%)

64

73

51

48

45

Reaction Temp.: T1 = 0 1C. When total flow rate is 10.5 mL min�1, t1 = 1.7 s, t2 = 2.2 s.

Scheme 4 Flash-flow generation of short-lived aryllithium intermediates.
(a) p-nitrophenyllithium; (b) (ethoxycarbonyl)phenyllithium.
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In summary, we have developed a highly efficient and chemo-
selective method for the synthesis of polyfunctional ketones
through the nucleophilic addition of aryllithium reagents to acyl
cyanides under continuous flow conditions. By utilizing a flow
microreactor system without the need for any external catalysts,
we achieved significant improvements in reaction yield and
selectivity compared to conventional batch processes. This study
demonstrates the utility of flow microreactor technology as a
powerful tool for controlling highly reactive organolithium inter-
mediates, enabling catalyst-free access to polyfunctional ketones
with high efficiency and selectivity, and offers a valuable approach
for future applications in complex molecule synthesis.
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